1L 


Digitized  by  the  Internet  Archive 

in  2013 


http://archive.org/details/publicroads25offi 


Public  Roads 

A   JOURNAL   OF   HIGHWAY   RESEARCH 


Volume  25 

September  1947- February  1950 


U.  S.  DEPARTMENT  OF  COMMERCE 
BUREAU   OF  PUBLIC  ROADS 


Contents  of  Volume  25 


No.  1.  September  1947: 

Triaxial  compression  test  results  applied  to  flexible  pave- 
ment design,  by  E.  S.  Barber 

Experimental  soil-cement  base  course  in  South  Carolina,  by 
E.  A.  Willis 

The  National  System  of  Interstate  Highways 

No.  2.  December  1947 : 

A  cooperative  study  of  structural  design  of  nonrigid  pave- 
ments, by  A.  C.  Benkelman  and  F.  h*.  Olmstead 

The  effect  on  properties  of  concrete  of  natural  and  portland 
cement  blends,  by  A.  G.  Timms,  W.  E.  Grieb,  and  George 
Werner 

New  publications:  Highway  Statistics,  Summary  to  1945; 
Highway  Statistics,  1946;  Work  of  the  Public  Roads 
Administration,    1947 

No.  3.  March   1948: 
Traffic  trends  on  rural  roads  in  1946,  by  Thomas  B.  Dimmick 

and  Mary  E.  Kipp 

Trends  in  motor-vehicle  travel,  1946  (by  G.  P.  St.  Clair) 

Trends  in  the  distribution  of  State  road-user  taxes,  1940—47, 

by  R.  W.  Meadows  and  W.  R.  McCallum 

The  effect  of  petroleum-like  constituents  on  road  tars,  and  a 

test    for  determining   the   homogeneity    of   road   tars,   by 

R.  H.  Lewis  and  \Y.  J.  Halstead 

No.  4.  June  1948: 

Concrete  pavements  on  the  German  autobahnen,  by  F.  H. 
Jackson  and  Harold  Allen 

Analysis  of  rectangular  reinforced  concrete  sections  subjected 
to  direct  stress  and  bending  in  two  directions,  by  David 
M.    Goodall 

No.  5.  September  1948: 

The  effect  of  characteristics  of  asphalts  on  physical  properties 
of  bituminous  mixtures,  by  R.  H.  Lewis  and  J.  Y.  \\  el- 
born  

The  analysis  of  motor-vehicle  registration  records,  by  G.  P.  St. 
Clair  and  Sidney  B.  Clark 

A  new  soil-dispersing  apparatus  for  mechanical  analysis  of 
soils,  by  A.   M.   \\  intermyer 

The  Federal-Aid  Highwaj    Vet  of   1948 

No.  6.  December  1948: 

Further  developments  and  application  of  the  imniersion-com- 
pression  test,  by  J.  T.  Pauls  and  J.  F.  Goode 

A  rapid  method  of  testing  materials  for  alkali-ajijiregate  reac- 
tion, by  D.  O.  Woolf  and  T.  R.  Smith 

Conducting  Ions-range  highway  needs  studies,  by  Fred  B. 
Farrell 

New  publication:  Manual  on  Uniform  Traffic  Control  Devices 
for  Streets  and  Highways 


Page 

1 

9 
19 

21 
30 
40 

41 
49 

50 
53 


80 

85 

95 

102 
107 

109 
118 
121 


No.  7,  March  1949: 

Highway  Safety:  Driver  behavior — Key  to  safe  highway  de- 
sign, by  Thos.  H.  MacDonald 

The  effect  of  tax  increases  on  gasoline  consumption,  by  E.  M. 
Cope  and  L.  L.  Liston 

New  publications:  Work  of  the  Public  Roads  Administration, 
1948;  Highway  Statistics,  1947 

Traffic  trends  on  rural  roads  in  1947,  by  Thomas  B.  Dim- 
mick   

Trends  in  motor-vehicle  travel.  1947,  by  G.  P.  St.  Clair 

No.  8.  June  1949: 

Statutory  authority  of  State  highway  departments  in  munici- 
palities, by  David  R.  Levin  and  Marion  G.  Markham 

New  publication:  Highway  Practice  in  the  I'nited  States  of 
America 

I\o.  9,  August  1949: 

A  cooperative  study  of  structural  design  of  nonrigid  pave- 
ments (second  progress  report),  by  R.  J.  Lancaster  and 
J.    E.   Driscoll 

Life  characteristics  of  highway  surfaces,  by  Fred  B.  Farrell 
and  Henry  R.  Paterick 

Selection  of  reference  densities  for  bituminous  pavement 
specifications,  by  H.  M.  Rex 

New  publication:  Highway  Needs  of  the  National  Defense.  _ 

No.  10,  October  1949: 

Highway    capacity  s   Practical  applications  of   research    (parts 

I-IV),  by  O.  K.  Normann  and  W.  P.  Walker 

Estimated  motor-vehicle  registrations,  1949 

No.  11,  December  1949: 

Highway  capacity:  Practical  applications  of  research  (parts 
V-VIII),  by  0.  K.  Normann  and  W.  P.  Walker 

New  publications:  The  Financing  of  Highways  by  Counties 
and  Local  Rural  Governments,  1931-1941;  Bibliography 
on    Roadside    Control 

No.  12.  February   1950: 
Axle-load  and  gross-load  trends,  by  John  T.  Lynch  and  T.  B. 


Dimmick 


Traffic   trends  on   rural    roads   in    1948,   by   Thomas   B.   Dim- 


lick 


128        Trends  in   motor-vehicle  travel,   1948,  by  G.  P.  St.  Clair_ 


Page 

129 

138 

144 

145 
156 

161 
183 


185 

189 

197 
200 


201 
235 


231 


278 


279 

287 
296 


List  of  Authors 


Allen.    Harold 65 

Barber,  E.  S 1 

Benkelman,   A.   C 21 

Clark,   S.   B 95 

Cope,  E.  M 138 

Dimmick,  T.  B 41, 

145,  279,  287 

Driscoll,  J.  E 185 

Farrell,  F.  B 121,  189 

Goodall,  D.  M 80 


Goode,  J.  F 

Grieb.    \Y.    E 

Halstead,   W.   J 

Jackson,   F.   H 

Kipp,  M.   E 

Lancaster,   R.  J 

Levin,  D.  R 

Lewis,  R.  H 53,85 

Liston,  L.  L 138 

Lynch,  J.  T 279 


(and  volume  pafie  references) 

MacDonald,  T.  H 129 

Markham,   M.   G 161 

McCallum,  W.  R 30 

Meadows,  R.  W 50 

Normann,    O.    K 201,237 

Olmstead,  F.  R 21 

Paterick,  H.R 189 

Pauls,  J.  T 109 

Rex,  H.  M 197 


109 
30 
53 
65 
41 
185 
161 


St.  Clair,  G.  P__49,  95,  156,  296 

Smith.  T.  R 118 

Timms,  A.  G 30 

Walker,  W.  P 201,237 

Welborn,  J.  Y 85 

Werner,    George 30 

Willis,  E.  A 9 

Wintermyer,  A.  M 102 

Woolf,  D.  O 118 


Triaxial  Compression  Test  Results 


Applied  to  Flexible  Pavement  Design 


THE  SELECTION  of  thickness  of  flexible 
pavement  (surface  and  base)  required  to 
support  a  given  loading  over  a  given  subgrade 
is  generally  based  on  service  records  and  ob- 
servations of  field  performance  of  similar  pave- 
ments constructed  on  similar  subgrades.  To 
evaluate  the  similarity  of  various  pavement 
materials  and  subgrades,  a  method  of  testing 
the  materials  is  necessary.  In  correlating 
observations  of  pavement  performance  in- 
volving various  loads  and  materials,  it  is  help- 
ful to  have  a  theoretical  relation  between  the 
pavement  thickness  and  the  material  test 
results. 

Thus,  while  the  results  of  field  observations 
are  required,  their  application  may  be  broad- 
ened and  their  evaluation  made  more  quanti- 
tative if  they  are  correlated  by  means  of  test 
results  on  the  component  materials  with  the 
aid  of  theoretical  relations.  The  following  dis- 
cussion concerns  several  relations  between 
triaxial  compression  test  results  and  pave- 
ment thickness  based  on  stress  distribution 
in  elastic  materials  and  the  strength  of  plastic 
materials.1 

ELASTIC  STRESS  DISTRIBUTION 

The  earth  may  be  considered  as  an  elastic 
mass,  bounded  only  by  the  surface  horizontal 
plane  and  hence  semi-infinite  in  extent.  When 
such  a  mass  is  subjected  at  the  surface  to  a 
uniform  vertical  pressure  over  a  circular  area, 
every  element  in  the  mass  is  acted  upon  by  the 
stresses  shown  in  figure  1.  Three  planes  are 
considered  to  intersect  at  the  element:  The 
horizontal  plane,  parallel  to  the  surface;  the 
radial  plane,  vertical  and  along  the  radial  line 
between  the  load  center  and  the  element;  and 
the  tangential  plane,  vertical  and  perpendicu- 
lar to  the  radial  plane.  Acting  upon  the  ele- 
ment, in  these  three  planes,  are  the  normal 
stresses  shown  in  figure  1:  The  tangential  nor- 
mal stress,  p,;  the  radial  normal  stress,  pr; 
and  the  vertical  normal  stress,  pt.  Two  equal 
shear  stresses  are  developed:  The  vertical  shear 
stress,  s„  acting  in  the  vertical  direction  on 
the  tangential  plane;  and  the  radial  shear 
stress,  sr.  acting  in  the  radial  direction  on  the 
horizontal  plane.  The  tangential  normal 
stress  is  a  principal  stress,  and  therefore  there 
are  no  shear  stresses  in  the  plane  on  which 
it  acts. 

These  stresses  have  been  evaluated  analyti- 
cally by  Love  U)2  and  tabulated  numerically 
by  Tufts  (#).  Some  corrections  were  made  to 
Tufts'  tabulation  by  means  of  influence  charts 
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This  discussion  concerns  several  relations  between  triaxial  compression  test 
results  and  the  thickness  of  flexible  pavement  based  on  stress  distribution  in 
elastic  materials  and  the  strength  of  plastic  materials.  Tables  and  graphs  of 
stresses,  displacements,  and  bearing  capacity  under  normal  and  tangential  sur- 
face loads  are  presented.  Their  application  to  the  design  of  thickness  of  flexible 
pavement  courses  is  outlined,  using  unit  values  for  the  components  derived  from 
triaxial  compression  tests.  Designs  based  on  allowable  displacement,  overstress 
at  a  point,  and  total  failure  are  considered.  The  analyses  are  not  proposed  as 
determinative  design  procedures  hut  are  rather  intended  as  aids  in  studying  the 
behavior  of  pavements  in  service,  and  as  guides  in  planning  and  conducting 
experimental  studies  of  the  interaction  of  pavements  and  subgrades. 


vertical  normal  stress 


>  A  complete  notation  for  this  article  appears  on  page  8. 
3  Italic  numbers  In  parentheses  refer  to  the  bibliography, 
p.  8. 
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axis  of  loading. 


tangential  normal  stress 


Figure  1. — Stresses'on  an  clement  from  pressun  applied  at  <!'>■  turfa* 

199467 


Table  1. — Ratio  of  stresses  transmitted  to  a  point  in  a  semi-  infinite  mass  from  a  surface 
load  uniformly  distributed  over  a  circular  area 

VERTICAL  NORMAL  STRESS  TRANSMITTED  TO  POINTS-PRESSURE  APPLIED  AT  SURFACE,  £-' 


PERVIOUS 
'  SURFACE  ' 


IMPERVIOUS 
SURFACE 


Depth  of  points-radius,  - 

Horizontal  radial  distances-radius,  - 
a 

*                                   a 

0 

0.25 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

4.0 

0. 98fi 
.911 
.784 
.646 
.524 
.424 
.346 
.284 
.200 
.146 
.087 
.057 

0.983 
.895 
.762 
.625 
.508 
.413 
.336 
.277 
.196 
.143 
.086 
.057 

0.964 
.840 
.691 
.560 
.455 
.374 
.309 
.258 
.186 
.137 
.083 
.056 

0.460 
.418 
.374 
.335 
.295 
.256 
.223 
.194 
.150 
.117 
.076 
.052 

0.015 
.060 
.105 
.125 
.135 
.137 
.135 
.127 
.109 
.091 
.061 
.045 

0.002 
.010 
.025 
.043 
.057 
.064 
.071 
.073 
.073 
.066 
.052 
.039 

0.000 
.003 
.010 
.016 
.023 
.029 
.037 
.041 
.044 
.045 
.041 
.033 

0.000 
.000 
.002 
.007 
.010 
.013 
.018 
.022 
.028 
.031 
.031 
.027 

0.000 

05                                 

.000 

.000 

]  o                                 -- - 

.000 

.001 

15                               ..     _. 

.002 

175*                          

.004 

20                                     

.006 

25                              -_   _- 

.011 

3                                       

.015 

4                                   

.018 

5                                     

.018 

RADIAL  NORMAL  STRESS  TRANSMITTED  TO  POINTS-PRESSURE  APPLIED  AT 

SURFACE,  2l  (POISSON'S  RATIO=0.5) 
V 


0.25                            

0.643 
.374 
.208 
.116 
.067 
.040 
.025 
.016 
.008 
.004 
.001 
.001 

0.626 
.360 
.204 
.118 
.072 
.046 
.028 
.019 
.009 
.006 
.002 
.001 

0.565 
.325 
.196 
.123 
.080 
.055 
.035 
.024 
.013 
.008 
.003 
.002 

0.385 
.286 
.209 
.149 
.107 
.078 
.056 
.041 
.023 
.014 
.006 
.003 

0.144 
.196 
.175 
.146 
.116 
.091 
.070 
.053 
.033 
.021 
.009 
.005 

0.058 
.098 
.112 
.104 
.096 
.082 
.068 
.057 
.038 
.026 
.012 
.007 

0.028 
.050 
.064 
.069 
.069 
.064 
.058 
.052 
.038 
.028 
.015 
.008 

0.014 
.027 
.044 
.045 
.047 
.047 
.046 
.042 
.035 
.026 
.016 
.009 

0.004 

0.5                        

.008 

0.75                 -  

.012 

1.0                       

.022 

1.25                       --- - 

.026 

1.5                          --- 

.026 

1.75                          _ 

.027 

2.0                              

.027 

2.5                            

.025 

3                                   

.022 

4                                       

.016 

5                                    

.010 

TANGENTIAL   NORMAL   STRESS   TRANSMITTED    TO    POINTS-PRESSURE    APPLIED    AT    SURFACE, 

-   (POISSON'S  RATIO=0.5) 


0.25                          -- 

0.  643 
.374 
.208 
.  110 
.067 
.040 
.025 
.016 
.008 
.004 
.001 
.001 

0.628 
.359 
.197 
.109 
.063 
.037 
.024 
.015 
.007 
.004 
.001 
.001 

0. 580 
.317 
.170 
.096 
.056 
.034 
.022 
.014 
.007 
.003 
.001 
.000 

0.243 
.141 
.085 
.054 
.035 
.023 
.015 
.011 
.006 
.003 
.001 
.000 

0.019 
.028 
.025 
.021 
.016 
.012 
.009 
.007 
.004 
.002 
.001 
.000 

0.005 
.007 
.008 
.008 
.007 
.006 
.005 
.004 
.003 
.002 
.001 
.000 

0.001 
.003 
.003 
.003 
.003 
.003 
.003 
.002 
.002 
.001 
.000 
.000 

0.000 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.000 
.000 

0.000 

0.5                            -   

.000 

0.75                    -   -   - 

.000 

1.0                    

.000 

1.25                  -   - 

.000 

1.5                      

.000 

1.75                          ...  _-_ 

.000 

2.0 

.000 

2.5               

.000 

3                     

.000 

4                         

.000 

5                             

.000 

RADIAL  SHEAR  STRESS  TRANSMITTED  TO  POINTS- PRESSURE  APPLIED  AT  SURFACE,  ^ 


0.25 

0.000 
.000 

.1100 

.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 

0.024 
.057 
.069 
.065 
.053 
.041 
.033 
.026 
.016 
.009 
.005 
.002 

0.065 
.129 
.141 
.124 
.101 
.080 
.062 
.048 
.030 
.019 
.009 
.005 

0.299 
.262 
.221 
.178 
.146 
.119 
.094 
.070 
.050 
.034 
.018 
.010 

0.042 
.102 
.128 
.128 
.118 
.104 
.091 
.078 
.056 
.040 
.022 
.013 

0.014 
.032 
.053 
.069 
.072 
.071 
.068 
.062 
.050 
.040 
.024 
.015 

0.003 
.013 
.024 
.033 
.039 
.045 
.046 
.045 
.041 
.035 
.024 
.016 

0.002 
.006 
.013 
.018 
.023 
.028 
.030 
.032 
.032 
.029 
.022 
.016 

0.001 

0.5                          - 

.002 

0.75                            -.   - --   

.003 

1.0         --- 

.007 

1.25              

.010 

1.5                 

.012 

1.75                  - -- 

.014 

2.0 

.015 

2.5                               - 

.018 

3                    

.018 
.010? 

4                . 

5        

.013 

RADIAL    NORMAL    STRESS    TRANSMITTED    TO    POINTS-PRESSURE    APPLIED    AT    SURFACE,    & 

(POISSON'S  RATIO  =  0) 


0.25     .            

0.265 
.098 
.008 
-.030 
-.043 
-.044 
-.041 
-.037 
-.028 
-.022 
-.014 
-.009 

0.248 
.087 
.008 
-.025 
-.036 
-.  038 
-.036 
-.033 
-.026 
-.020 
-.012 
-.009 

0.199 
.063 
.009 
-.015 
-.024 
-.028 
-.028 
-.024 
-.022 
-.017 
-.011 
-.008 

0.082 

.075 

.055 

.033 

.018 

.007 

-.001 

-.006 

-.010 

-.010 

-.009 

-.007 

'  -0.  026 

.056 

.067 

.058 

.044 

.032 

.022 

.013 

.004 

-.002 

-.004 

-.004 

-0.  045 

-.006 

.033 

.041 

.040 

.035 

.028 

.022 

.012 

.006 

-.001 

-.002 

-0.  061 
-.016 
.009 
.021 
.026 
.027 
.025 
.022 
.016 
.010 
.003 
.000 

-0.  046 
-.018 
.001, 
.008 
.015 
.019 
.019 
.019 
.016 
.011 
.005 
.001 

-0.  026 

0.5                               --  

-.017 

0.75  ..               

-.010 

1.0       

.000 

1.25  .                 

.004 

1.5                        __- 

.006 

1.75                                ...   -   -   

.009 

2.0  ..             

.010 

2.5 

.011 

3            __- 

.010 

4                           

.007 

5                             _   _ - 

.004 

TANGENTIAL  NORMAL  STRESS  TRANSMITTED  TO  POINTs-PRESSURE  APPLIED  AT  SURFACE, 

(POISSON'S  RATIO  =  0) 


0.25 

0.265 
.098 
.008 
-.  030 
-.043 
-.044 
-.041 
-.037 
-.028 
-.022 
-.014 
-.009 

0.259 
.094 
.007 
-.030 
-.042 
-.043 
-.040 
-.036 
-.028 
-.021 
-.014 
-.009 

0.245 
.085 
.  007 
-.025 
-.037 
-.039 
-.037 
-.033 
-.026 
-.020 
-.014 
-.009 

0.183 
.070 
.017 
-.009 
-.  021 
-.025 
-.026 
-.02.". 
-.022 
-.018 
-.012 
-.009 

0.132 

.074 

.  034 

.011 

-.002 

-.010 

-.013 

-.015 

-.015 

-.014 

-.010 

-.008 

0.095 

.061 

.038 

.020 

.009 

.001 

-.003 

-.007 

-.010 

-.010 

-.008 

-.007 

0.061 

.048 

.034 

.023 

.014 

.007 

.003 

-.001 

-.004 

-.000 

-.006 

-.006 

0.046 

.037 

.029 

.021 

.015 

.010 

.006 

.003 

-.001 

-.004 

-.005 

-.005 

0.026 

0.5     

.022 

0.75                     

.019 

1.0  .                        

.016 

1.25                    ---   -- 

.013 

1.5                                     _-_   .. 

.010 

1.75 

.008 

2.0 

.006 

2.5                                     

.002 

3             

.000 

4            

-.002 

5              

-.002 

'  Minus  sign  indicates  tensile  stress. 


Figure  2. — Effect  of  time  of  consolidation  on 
displacement  of  pervious  and  impervious 
loaded  surfaces. 


(S)  to  derive  table  1,  which  shows  the  ratio 
of  these  stresses  to  the  pressure  applied  at  the 
surface,  for  various  depths  and  for  various 
radial  distances  measured  from  the  center  of 
the  loaded  area  in  terms  of  its  radius.  The 
vertical  normal  stress  and  the  horizontal  radial 
shear  stress  are  independent  of  Poisson's  ratio 
(the  ratio  of  lateral  to  axial  strain  in  a  simple 
compression  test).  The  radial  and  tangential 
normal  stresses  are  given  for  Poisson's  ratio  of 
0  and  0.5.  Stresses  for  Poisson's  ratio  other 
than  0  and  0.5  may  be  obtained  by  direct 
interpolation:  thus,  the  stress  for  Poisson's 
ratio  of  0.25  is  halfway  between  the  tabulated 
values. 

Integration  of  the  stresses  shown  in  table  1 
gives  the  vertical  displacement  factors  shown 
in  table  2.  While  the  stresses  in  a  homo- 
geneous mass  are  independent  of  the  modulus 
of  elasticity,  the  displacement  is  inversely 
proportional  to  the  modulus.  The  displace- 
ment may  be  divided  into  two  parts — that 
due  to  volume  change  only,  corresponding  to 
Poisson's  ratio  =  0;  and  that  due  to  lateral 
displacement  at  constant  volume,  correspond- 
ing to  Poisson's  ratio  =  0.5. 

In  comparing  displacements  measured  in 
field  tests  with  calculated  values,  consideration 
must  be  given  to  the  fact  that  displacement 
due  to  volume  change  of  wet  soils  is  delayed 
because  of  the  time  required  for  the  stress  to 
be  transferred  to  the  soil  solids  as  part  of  the 
water  is  forced  out.  This  time  effect  and  its 
dependence  upon  the  permeability  of  the  sur- 
face (4)  is  illustrated  in  figure  2.     The  curves 
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Figure  3. — Reactions  under  surface   loads. 
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Table  2.— Factors  for  calculation  of  displacement  due  to  uniform  pressure  over  a  circular 

area  1 
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Figure  4. — Inward  acting  shear  stresses 
produced  by  pneumatic  tires. 


on  the  left  represent  settlements  when  the 
surface  is  pervious,  those  on  the  right  show 
the  settlements  at  the  same  time  when  no 
drainage  can  occur  at  the  surface.  The  rela- 
tion between  stress,  volume  change,  and  time 
for  soil  samples  is  determined  in  the  consoli- 
dation test  whereby  a  disk  of  soil  is  encircled 
with  a  metal  ring  and  compressed  between 
two  pervious  plates. 

The  time  effect  must  also  be  considered 
when  viscous  materials  are  loaded.  Under 
constant  pressure,  the  surface  displacement 
outside  the  loaded  area  may  increase  at  first 
and  then  decrease  as  the  displacement  under 
the  load  continues  to  increase  (5). 

Figure  3,  case  I,  shows  the  deflection  of  the 
surface  of  an  elastic  mass  caused  by  a  uniform 
pressure.  If  the  supporting  material  is  over- 
stressed  by  a  uniform  pressure,  the  edge  de- 
flection increases  and  may  exceed  that  at  the 
center  as  indicated  in  figure  3,  case  II,  for 
cohesionless  support.  If  an  elastic  circular 
bearing  block  is  placed  between  a  uniform 
pressure  and  an  elastic  support,  the  reaction 
is  concentrated  toward  the  edge  of  the  block 
(6) .  As  the  rigidity  of  the  block  increases,  the 
edge  stress  increases  without  limit  giving  a 
uniform  displacement  (fig.  3,  case  III)  equal 
to  either  0.923  times  the  average  displacement 
under  a  uniform  pressure  or  0.785  times  the 
axial  displacement  under  a  uniform  pressure 
(fig.  3,  case  I) .  Because  of  the  lack  of  bearing 
capacity  of  unconfined  cohesionless  material, 
a  rigid  block  on  the  surface  of  sand  produces  a 

Table  3. — Axial  vertical  stress  and  displace- 
ment under  uniform  shear  stress  applied 
over  circular  area 


Depth  of  point 

-;-  radius 

Vertical 
normal 

stress  -5- 
applied 

stress 

Displace- 
ment 
factor  i 
(Poisson's 
ratio=0) 

0 _ 

1.00 
.91 
.72 
.35 
.17 
.09 
.03 
.0J 

1.00 

0.25                                

.76 

0.5                                

.55 

1                                         

.29 

1.5   ..                   - 

.17 

2                              

.11 

3                               

.05 

5                                 .-- 

.02 

DISPLACEMENT  FACTOR  FOR  POISSON'S  RATIO=0.5 

Depth  of  point  H-radius,  - 

Horizontal  radial  distances-radius,  - 
a 

0 

0.25 

0.5 

0.75 

1.0 

1.25 

1.5 

2 

2.5 

3 

4 

0 

1.50 
1.34 
1.06 
.83 
.67 
.47 
.36 
.29 

1.48 
1.31 
1.05 
.83 

.67 
.47 
.36 
.29 

1.40 
1.23 
.98 
.79 
.65 
.46 
.35 
.29 

1.25 
1.09 
.89 
.73 
.62 
.45 
.35 
.29 

0.95 
.89 

.78 
.67 
.57 
.43 
.34 
.29 

0.66 

.68 
.66 
.60 
.53 
.41 
.33 
.28 

0.54 
.55 
.56 
.52 
.48 
.38 
.32 
.28 

0.39 
.40 
.41 
.40 
.39 
.34 
.30 
.25 

0.30 
.31 
.32 
.32 

.32 
.30 

.28 
.24 

0.26 
.27 

.27 
.28 
.28 
.27 
.25 
.23 

0.18 

0.5___- 

.19 

1 _ _ 

.19 

1.5 

.20 

2 

.20 

3 _._ _ _ 

.21 

4.._ 

.20 

5 

.19 

DISPLACEMENT  FACTOR  FOR  POISSON'S  RATIO  =  0 


0__. 
0.5. 
1... 
1.5. 
2_. 
3.. 
4.. 
5.. 


2.00 

1.97 

1.86 

1.67 

1.27 

0.88 

0.71 

0.52 

0.41 

0.34 

1.51 

1.49 

1.39 

1.24 

1.06 

.85 

.68 

.51 

.41 

.34 

1.12 

1.11 

1.04 

.94 

.85 

.74 

.65 

.50 

.40 

.34 

.86 

.85 

.81 

.76 

.70 

.65 

.59 

.47 

.39 

.34 

.68 

.67 

.65 

.62 

.59 

.55 

.52 

.44 

.38 

.33 

.48 

.47 

.46 

.45 

.44 

.42 

.40 

.37 

.33 

.30 

.37 

.36 

.35 

.35 

.35 

.34 

.33 

.31 

.29 

.26 

.29 

.29 

.29 

.29 

.29 

.28 

.28 

.26 

.25 

.24 

0.25 
.25 
.25 
.25 
.25 
.24 
.22 
.20 


Displacement,  D  = 


pressurcXradius 
modulus  of  elasticity 


X  displacement  factor= 


F;  hence  displacement  factor,  F, 


pa 


reaction  concentrated  on  the  axis  of  loading 
(fig.  3,  case  IV). 

The  reaction  under  smooth-faced  rollers  and 
wheels  without  pneumatic  tires  approaches 
that  shown  in  figure  3,  case  V,  under  a  rigid 
solid  cylinder.  The  average  reaction  is  0.785 
times  the  maximum  reaction  (7). 

The  maximum  reaction  is 


V; 


P'E 


fl(l-M2) 


where : 


P'  =  load  per  unit  length, 

R  =  radius  of  loading  cylinder, 

E  =  modulus  of  elasticity  of  the  elastic 

support, 
n   =  Poisson's  ratio  of  the  elastic  sup- 
port. 

The  reaction  thus  increases  with  increases  in 
the  load  and  modulus  of  elasticity,   E,  and 


decreases  with  increases  in  the  radius,  R. 
Another  factor  which  must  be  considered  in 
evaluating  loading  tests  is  the  production  of 
inward  acting  shear  stresses  at  the  surface 
under  pneumatic  tires  (8)  as  shown  in  figure  4. 
While  measured  shear  stresses  show  a  maxi- 
mum at  the  quarter  points  of  the  diameter  of 
the  loaded  area,  their  effect  may  be  approxi- 
mated by  the  vertical  normal  stress  and  dis- 
placement shown  in  table  3  for  a  uniformly 
applied  shear  stress  (9).  These  normal 
stresses  added  to  those  due  to  the  vertical 
applied  pressures  could  account  for  the  fact 
that  Spangler  (10)  measured  pressures  trans- 
mitted to  a  strong  base  through  a  surface 
course  which  were  greater  than  the  inflation 
pressure  of  the  tire  used  for  applying  the  load. 
The  shear  stress  also  tends  to  increase  the 
axial  displacement  more  than  that  at  the 
edge. 


RADIAL     DISTANCE;    r    RADIUS     OF      EQUIVALENT     AREA,   £ 
1.5  1.0  0.5  0  05  1.0  1.5  ZD 


PROFILE 


UNIFORM     PRESSURE    OVER 
ELLIPTICAL     AREA 


PROFILE 


ELLIPSOIDAL     PRESSURE 
DISTRIBUTION 


,  _ .     ,  .      shear  stressXradius 

■  D1splacement°modulusofelasticityXfactor. 


Figure  5. — Surface  displacements  for  various  pressure  distributions. 
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NORMAL    STRESS    RATIO 

Figure  6. — Stresses  at  a  point. 
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Figure  7. — Essentials  of  the   triaxial   com- 
pression test. 

The  theoretical  surface  displacements  for 
three  distributions  of  vertically  applied  pres- 
sure {11)  are  shown  in  figure  5.  A  uniform 
pressure  over  an  elliptical  area  slightly  smaller 
(about  10  percent)  than  the  contact  area 
(fig.  5,  case  A)  is  a  better  approximation  of 
measured  vertical  pressures  under  pneumatic 
tires  {12)  than  an  ellipsoidal  pressure  distribu- 
tion (fig.  5,  case  B).  While  the  displacement 
is  different  on  the  major  and  minor  axes,  the 
average  displacement  is  very  close  to  that  for 
a  uniform  pressure  over  a  circular  area. 

In  the  following  discussion,  the  load,  P,  is 
considered  as  the  inflation  pressure  of  the 
loaded  tire,  p,  applied  vertically  and  uniformly 
distributed  over  a  circular  area  of  radius,  a, 
giving  the  relation  P=pira2. 

STRESSES  AT  A  POINT 

The  stresses  shown  in  figure  1  and  table  1 
are  those  acting  at  a  point  in  the  vertical  and 
horizontal  directions.  The  stresses  at  a  point 
in  other  directions  can  be  calculated  from 
those  given  in  table  1.    Thus,  for  a  point  with 

coordinates    -=3   and    -=2   with    Poisson's 
a  a 

ratio   of  0.5,   table    1   gives  ^=0.066,  2r= 

V  V 

0.026,   and   —=0.040.     The   average   normal 

stress  is  the  average  of  the  normal  stresses  in 
any  two  mutually   perpendicular  directions, 

u-  u  <■      «,■         ■  *  ■    0-066  +  0.026 
which  for  this  point  is   s =0.046. 

The  average  normal  stress  is  plotted  in 
figure  6  as  point  O  on  the  horizontal  or  normal 
stress  axis.  A  point  representing  the  normal 
and  shear  stress  on  one  plane  is  plotted  such 
as  point  A  in  figure  6  for  the  plane  perpendicu- 


lar to  the  radial  direction.  Point  A  has  an 
abscissa  of  0.026  and  an  ordinate  of  0.040. 
With  point  0  as  a  center  and  distance  OA  as  radius, 
a  semicircle  is  drawn.  Any  point  B  on  this 
semicircle  (Mohr's  circle  of  stress)  represents 
the  stresses  acting  on  a  plane  making  an  angle 
of  one-half  AOB  with  the  plane  of  the  stresses 
represented  by  point  A.  The  intersections  of 
the  semicircle  with  the  normal  stress  axis  de- 
termine the  principal  stresses  at  the  point. 
These  principal  stresses  act  in  the  two  mutu- 
ally perpendicular  directions  in  which  there 
are  no  shear  stresses.  The  maximum  shear 
stress  is  equal  to  radius  OA  and  acts  in  a  direction 
at  45  degrees  to  the  direction  of  the  principal 
stresses. 

In  figure  6  only  two  dimensions  have  been 
considered,  whereas  there  is  always  a  third 
principal  stress.  For  the  case  of  an  axially 
symmetrical  load  such  as  is  considered  here, 
this  is  the  tangential  normal  stress  and  has 
an  intermediate  value. 


TRIAXIAL  COMPRESSION  TEST 

The  stresses  at  a  point  in  a  loaded  soil  mass 
may  be  simulated  in  a  cylindrical  sample  by 
applying  normal  stresses  to  its  faces  by  means 
of  an  apparatus  such  as  shown  in  figure  7  and 
in  the  cover  illustration.  The  stress  on  the 
ends  of  the  cylinder  corresponds  to  the  major 
principal  stress.  The  stress  on  the  curved  face 
corresponds  to  the  minor  principal  stress.  The. 
intermediate  principal  stress  is  the  same  as  the 
minor  principal  stress,  which,  although  an 
arbitrary  condition,  is  satisfactory  since  it  is 
the  severest  condition  possible  and  has  a  minor 
effect.  While  compressive  stresses  are  applied, 
the  sample  fails  by  shearing  so  that  the  test 
has  been  called  both  triaxial  compression  and 
triaxial  shear. 

To  evaluate  a  subgrade  material  by  means 
of  this  test,  a  sample  may  be  taken  from  the 
subgrade  in  an  undisturbed  condition  or  pre- 
pared so  as  to  simulate  the  worst  conditions 
expected  to  obtain  during  the  life  of  the  struc- 
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Figure  8. — Plot  of  triaxial  compression  test  results. 
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ture  and  for  which  it  is  economical  to  design. 
Evaluation  of  field  conditions  is  a  problem  in 
itself,  involving  observations  at  various  loca- 
tions of  moisture,  density,  and  temperature 
variations  with  time;  and  analysis  of  their 
relation  to  soil  and  pavement  properties,  cli- 
mate, topography,  ground  water,  and  loading. 
The  sample  is  placed  in  a  rubber  membrane 
which  is  clamped  to  two  rigid  end  plates,  the 
lower  of  which  is  connected  to  a  drain.  If  de- 
sired, the  drain  may  be  closed  to  prevent 
drainage  from  the  sample.  The  lucite  cylinder 
and  loading  head  are  assembled  and  tightened, 
and  the  head  of  the  testing  machine  is  brought 
just  in  contact  with  the  piston.  A  constant 
pressure  is  applied  to  the  chamber  around  the 
sample  and  is  designated  lateral  pressure,  I. 
The  reaction  indicator  of  the  testing  machine 
is  set  to  zero.  The  piston  is  displaced  at  a  rate 
of  0.04  inch  per  minute  and  the  reaction  and 
displacement  recorded.  The  test  is  continued 
until  the  reaction  becomes  constant  or  dimin- 
ishes. The  vertical  pressure,  v,  minus  the 
lateral  pressure,  I,  is  calculated  from  the  reac- 
tion, Q,  the  reduction  in  height  per  unit 
height,  d,  and  the  initial  cross-sectional  area  of 
the  test  sample,  A,  by  the  relation 

v     t         A 

Separate  samples  are  tested  with  different 
lateral  pressures  to  evaluate  the  effect  of  this 
variable.  Its  effect  on  the  maximum  reaction 
may  also  be  determined  from  a  single  sample 
for  materials  which  are  not  brittle  by  retesting 
the  same  sample  at  a  higher  lateral  pressure. 

The  results  of  tests  on  three  samples  taken 
from  a  compacted  clay  subgrade  are  shown  in 
table  4.  For  the  three  values  of  I,  v  —  l  is 
plotted  against  d  in  figure  8A.  The  reduction 
in  height  due  to  I  for  v—l=0  represents  volume 
change  (0.2  percent  for  1  =  2  and  0.3  percent 
for  1  =  4)  and  is  not  plotted  in  figure  8^4,  which 
is  intended  to  represent  the  effect  of  distortion 
or  lateral  displacement.  The  curves  for  lateral 
pressures  of  0,  2,  and  4  kips  per  square  foot  are 
not  far  apart  and  an  average  curve  will  be  used 
to  calculate  a  modulus  of  elasticity. 

For  sand,  v— lis  approximately  proportional 
to  I,  making  the  construction  of  one  effective 

Table    4. — Report    of    triaxial    compression 
tests 

REDUCTION  IN  HEIGHT,  d 


MAXIMUM  STRESS  DIFFERENCE  RATIO, 


v-L 


Vertical  minus  lateral  pressure, 
v—l  (kips  per  sq.  ft.) 

Lateral  pressure,  I,  in 
kips  per  sq.  ft. 

0 

2 

4 

01 

Percent 
0.0 
.3 
1.0 
2.5 
6.0 

Percent 
0.2 
.1 
1.0 
2.3 
5.0 

Percent 
0.3 

1... 

.45 

2 

.9 

3 

1.8 

4... 

4.5 

SUPPLEMENTARY 

TEST  ] 

DATA 

Maximum  v— Z..kips  per  sq.  ft.. 

Corresponding  d percent. 

Initial  density lb.  per  cu.  ft.. 

4.3 

10 

124 

21.8 

102 

4.5 

lfi 

126 

22.3 

103 

5.0 

17 

126 

percent  of  dry  soil.. 

Initial  density  (dry  weight) 

lb.  per  cu.  ft.. 

22.5 
103 

DISPLACEMENT   FACTOR,  -pg- 
Figure  9. — Vertical  displacement  and  stress  difference  relation  to  depth. 


Lateral  pressure  applied. 


curve  a  function  of  I  and  therefore  a  function 
of  the  field  loading  to  be  considered. 

Stress  semicircles  based  on  the  principle  of 
figure  6,  using  I  and  the  maximum  v—l  from 
table  4,  are  plotted  in  figure  8B.  The  minor 
principal  stress  is  I,  and  v  —  l  equals  the  dif- 
ference in  principal  stress  which  is  the  diameter 
of  the  stress  circle.     The  circles  have  their 

centers  on  the  horizontal  axis  at  l-\ — ~-  and 

pass  through  I  plotted  on  the  same  axis.  A 
straight  line  approximating  the  envelope  of 
these  semicircles  defines  a  relation  between 
the  normal  stresses  and  shear  stresses  on  the 
planes  of  failure  of  the  test  cylinders.  (The 
line  is  not  tangent  to  all  three  semicircles  due 
to  variations  in  the  samples.)  The  inter- 
cept of  this  line  on  the  vertical  axis  is  termed 
the  cohesion,  c,  and  its  slope  is  the  coefficient 
of  internal  friction,  /  (the  angle  of  internal 
friction  is  arc  tan  /). 

THICKNESS  OF  PAVEMENT  AM) 
SETTLEMENT8 

The  vertical  displacement  factors  for  points 
below  the  center  of  a  uniform  pressure  applied 
over  a  circular  area  are  plotted  in  figure  9  for 
Poisson's  ratio  =  0.5.  The  maximum  stress 
c'ifTerence  at  any  depth  is  also  shown.  These 
cuives  may  be  used  to  calculate  the  maximum 
displacement  due  to  distortion  below 
depth  for  a  given  load  on  a  cohesive  subgrade 
for  which  triaxial  compression  test  results  are 
available. 

For  example,  assume  a  load  P=  10  kips,  with 

•  Settlement  duo  to  volume  reduction  could  be  calco 
separately.    However,  since  volume  reduction  strengthens 
the  soil,  the  resulting  settlement  is  usually  not  critical  in 
pavement  thickness  design  for  distributed  tniflic  and  is  not 
calculated  here. 


a  unit  pressure  p  =  8.64  kips  per  square  foot 
(60  pounds  per  square  inch),  and  calculate  the 
displacement  at  a  depth  of  1  foot  for  a  sub- 
grade  represented  by  the  test  results  shown  in 
table  4  and  figure  8. 

The  equivalent  radius,  a,  of  the  area  over 
which  the  load  is  applied  is  calculated  as 
follows: 


a=V^=V; 


10 


3.14X8.64 


=  0.607  feet. 


At  a  depth  of  1  foot,  —  ==g- 


From  figure  9,  for  —=1.65, 


DE 
■pa 


607=1.65 

v-l 
V 


0.35  and 


=  F  (as  defined  in  table  2)  =0.78. 


Then    v-l  =  0. 35p  =  0.35X8.64  =  3.02    kips 
per  square  foot. 

In  figure  8A,  a  straight  line  is  drawn  to 
approximate  the  average  of  the  lost  curves 
from  v— 1=0  to  v  — 1=3.02  by  making  the  area 
between  the  vertical  axis  and  the  straight  line 
equal  to  the  area  between  this  axis  and  the 
age  curve.  The  slope  of  the  straight  line 
is  tal  e  effective  modulus  of  elasticity, 

E,  for  the  subgrade.     Using  the  ordinate  on 

9  35 
this  line  at  d  =  0.01  gives  E=q^  =  235  kips 

per  square  foot.    Since  —  =  0.78,  the  displace- 

0  78 

ment  at  a  depth  of  1  foot  is   D= — W~Tm 


0.78X8.64X0.607 


=  0.0171  foot  or  0.21  inch. 


If  an  allowable  displacement  rmined 

from  field  observat  itdations  similar  to 

the  foregoing  would  detei  the  depl 

in  the  subgrade  at  which  this  displacement 
would  occur.  lepends  on  the  depth,  :, 

it  is  generally  most  convenient  to  calculate  D 
for  various  assumed  values  of  z  and  plot  z 
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Figure  10. — Depth  required  to  prevent  overstress  of  a  point. 


against  D  to  determine  z  for  given  values  of  D. 
Thus,  for  the  above  conditions,  at  2=1.5  feet, 
D=0.110  inch,  and  at  2=2  feet,  2)  =  0.064 
inch.  For  an  assumed  allowable  displacement 
of  D  =  0.1  inch,  2=1.6  feet  by  interpolation. 
For  a  flexible  pavement  with  a  modulus  Ev 
equal  to  that  of  the  subgrade,  this  depth 
would  be  taken  as  the  required  pavement 
thickness  (surface  plus  base).  If  Ev  is 
greater  than  E,  the  pavement  thickness,  I, 
could  be  calculated  from  the  formula  (IS): 


~& 


For  several  layers  with  different  moduli, 
each  layer  can  be  considered  as  an  equivalent 
thickness  of  subgrade. 

For  example,  the  Kansas  Highway  Depart- 
ment has  used  the  above  analysis   (14)   for 
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calculating  pavement  thickness  using  Ev  — 
2,160  kips  per  square  foot  and  D  =  0.1  inch. 
Using  this  value  of  Ev  and  £=330  correspond- 
ing to  z=1.6  feet,  the  required  pavement 
thickness  is 

'=1'6\/2^fJ==0-855  feet=10-3  inches. 

For  granular  materials  the  modulus  varies 
appreciably  with  the  lateral  pressure,  making 
it  difficult  to  select  an  effective  value  of  the 
modulus.  For  example,  a  base-course  mate- 
rial conforming  to  the  A.A.S.H.O.  specifica- 
tions gave  a  modulus  of  500  kips  per  square 
foot  with  a  lateral  pressure  of  1  kip  per 
square  foot,  and  1,000  kips  per  square  foot 
with  a  lateral  pressure  of  2  kips  per  square 
foot.  Field  correlations  may  make  it  possible 
to  determine  an  effective  lateral  pressure  to 
use  in  evaluating  such  materials. 


THICKNESS  OF  PAVEMENT  AND 
OVERSTRESS  OF  A  POINT 

By  plotting  the  stress  ratios  from  table  1 
in  the  manner  shown  in  figure  6,  the  various 
combinations  of  cohesion  and  friction  re- 
quired to  prevent  overstress  at  points  at 
various  depths  were  calculated  (15)  and  are 
plotted  in  figure  10.     Thus,  for  p  =  8.64  kips 

per  square  foot  and  —  =  1.65  as  in  the  previous 

example,    and   with  /=0.1    from   figure    82?, 


figure  10   shows  that  —  =  0.16. 
V 


Then  the  co- 


Figure  11. — Bearing  capacity  under  a 
circular  loaded  area. 


hesion  required  to  prevent  overstress  of  any 
point  in  the  subgrade  below  a  depth  of  1  foot 
is  c= 0.16X8.64  =1.38,  which  is  to  be  com- 
pared with  the  test  value  of  1.9  from  figure 

1  9 
823,  giving  a  factor  of  safety  of  t~Wd=  1-38. 


c      1.9 
For  a  factor  of  safety  of  1,  —=^-^r  =  0.22, 

which  from  figure  10  gives  —=1.0  or  2=  1.0X 

0.607  =  0.607  feet  or  7.3  inches.  Neglecting 
pavement  rigidity,  this  is  the  minimum  allow- 
able thickness.  Comparison  of  this  design 
method  with  field  observation  has  been  re- 
ported from  Great  Britain  (16),  indicating  its 
applicability  to  cohesive  subgrades. 

Overstress  at  a  point  occurs  at  a  consider- 
ably lower  pressure  than  the  bearing  capacity 
which  corresponds  to  total  failure  for  a  single 
loading;  however,  a  large  number  of  repetitions 
of  a  load  which  causes  overstress  at  a  point  in 
a  clay  or  loose  sand  may  eventually  cause 
failure  by  progressive  deterioration.  In  dense 
sands  this  criterion  is  invalid  because  such  a 
material  tends  to  expand  before  failure  so 
that  the  stresses  are  redistributed  from  a 
region  which  is  approaching  overstress  until 
the  bearing  capacity  is  reached,  whereupon 
the  sand  fails  suddenly  in  a  manner  typical 
of  brittle  materials. 

THICKNESS  OF  PAVEMENT  AND 
BEARING  CAPACITY 

The  vertical  pressure  transmitted  through 
the  pavement  may  be  compared  with  the 
bearing  capacity  of  the  subgrade  (17)  as  indi- 
cated! figure  11.  The  ratio  of  the  maximum 
vertical  pressure,  p',  at  any  depth  to  the 
pressure  applied  at  the  surface,  p,  is  plotted 
in  figure  12  from  table  1.  The  pressure  distri- 
bution on  horizontal  planes  is  not  uniform  but 
may  be  approximated  for  the  present  purpose 
(see  fig.  11)  by  a  uniform  pressure  equal  to 
p'  distributed  over  an  area  of  radius  a'  such 
that  the  total  load  at  any  depth  is  equal  to  the 

a' 
load  applied  at  the  surface.     The  ratio  —  is 


given  in  figure  12. 

For  illustration,  again  take  z- 


1  foot,  a  = 


0.607  foot,  —  =1.65,  p  =  8.64  kips  per  square 

foot, /=0.1,  and  c=1.9  kips  per  square  foot; 
find  the  density  of  the  subgrade  w'  =  125 
pounds  per  cubic  foot  or  0.125  kips  per  cubic 
foot,  which  is  the  average  initial  density  given 
in  table  4,-  and  assume  the  density  of  the 
pavement  w>  =  0.140  kips  per  cubic  foot.    From 

figure  12,  for -=1.65,  —=1.63  and  therefore 
D  'a  a 

a'  =  1.63X0.607=  1.0  foot.     Also,  from  figure 

12  ^=0.375  and  therefore  p'  =  0.375X8.64  = 

'P 
3.24  kips  per  square  foot.     Now  the  bearing 
capacity,  q,  may  be  computed  from  the  formu- 

Table  5. — Effect  of  moisture  content  of  clay 
subgrade  on  calculated  pavement  thick- 


Pavement  thickness  for  10-kip 

wheel  load,  when  design 

criterion  is— 

Moisture  content 

Displace- 
ment 

Point 
over- 
stress 

Bearing 
capacity 

14                   

Inches 
0 

4.2 
9.8 
12.5 

Inches 
0 
0 

8.6 
15.1 

Inches 
0 

19                           

4.5 

23                             

8.0 

26                    

13.6 
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la  and  factors  given  in  figure  11.     Thus,  for 

/=0.1,    Fe=9,    Fz  =  0.8,    and    Fa=0.1,    and 

9  =  1.9X9  +  0.140X1X0.8  +  0.125X1.0X0.1  = 

17.2  kips  per  square  foot.     Now  q  may  be 

compared  with  p',  giving  a  factor  of  safety 

17  2 
against  total  failure  of  the  subgrade  of  »  Ja  = 

5.3. 

For  a  given  factor  of  safety,  the  required 
depth  may  be  calculated  by  trial.  Thus  for 
a  factor  of  safety  of  3,  the  required  thickness 
of  nonrigid  pavement  or  required  effective 
depth  of  cover  is  z=7  inches. 

For  a  cohesive  material  with  a  low  value 
of  /,  as  in  the  example  above,  the  bearing 
capacity  is  approximately  cFc  and  the  depth 
and  size  of  loaded  area  have  only  a  small 
effect.  For  sand  the  reverse  is  true.  Thus, 
for  a  moderately  compact  sand  we  might 
have  c  =  0,  /=0.8,  and  to*  =  0.105  kips  per 
cubic  foot,  so  that  with  the  above  dimensions 
9=0+ 0.140  X  1X67  +  0.105X1.0X51  =  14.8 
kips  per  square  foot.  Values  of  q  would  be 
higher  for  greater  values  of  /  which  would 
result  from  increased  compaction. 

This  method  of  design  has  been  used  exten- 
sively (18)  except  that  the  bearing  capacity  of 
the  subgrade  is  here  calculated  from  triaxial 
compression  test  results  instead  of  being 
assumed  or  derived  from  field  loading  tests. 

EFFECT  OF  MOISTURE 

The  effect  of  moisture  content  of  a  single 
clay  subgrade  material  on  pavement  thick- 
nesses calculated  by  the  three  methods  out- 
lined above  is  shown  in  table  5.  The  calcu- 
lated thickness  depends,  of  course,  upon  the 
allowable  settlement  or  required  factor  of 
safety  against  overstress,  which  in  turn  can 
only  be  determined  by  correlation  of  analysis 
of  test  results  with  pavement  performance. 
In  table  5,  P=10  kips  and  p  =  8.64  kips  per 
square  foot.  For  the  displacement  method, 
D  =  0.2  inch  and  i?p  =  2,160  kips  per  square 
foot.  For  point  overstress,  a  factor  of  safety 
of  1  is  used.  For  bearing  capacity,  a  factor 
of  safety  of  3  is  assumed. 

These  analyses  consider  vertically  applied 
pressures  only.  Therefore,  the  zero  pavement 
thicknesses  calculated  for  a  moisture  content 
of  14  percent  do  not  indicate  that  no  cover  is 
required  to  take  care  of  abrasive  stresses. 
Furthermore,  if  such  a  soil  were  left  unloaded 
in  a  humid  climate,  it  would  become  much 
wetter  and  weaker.  In  fact,  the  pavement 
may  have  more  effect  on  the  strength  of  the 
subgrade  than  it  does  on  the  stresses  trans- 
Table  6. — Effect  of  type  of  subgrade  on  vari- 
ation of  pavement  thickness  with  ivheel 
load  based  on  bearing  capacity 


VERTICAL  PRESSURE  RATIO,  -j- 
.3  .4  5  .6  .7 


Wheel  load  (kips) 

Pavement  thickness 
on— 

Clay  sub- 
grade 

Sand  sub- 
grade 

5 

Inches 
9.5 
13.6 
16.6 
19.2 
23.6 
33.3 

Inches 

8.3 

10__.                                          

10.0 

15... 

10.9 

20            

11.5 

30 

12.3 

60  --                

13.3 

12  3  4 
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Figure  12. —  Vertical  pressure  distribution. 


mitted  to  the  subgrade.  The  moisture  con- 
tent of  26  percent  was  obtained  by  compacting 
samples  to  the  A.  A.  S.  H.  O.  maximum 
density  and  optimum  moisture  content  and 
then  allowing  them  to  sorb  water  while  con- 
fined by  an  all-around  pressure  equivalent  to 
a  head  of  1  foot  of  water. 

EFFECT  OF  LOAD 

For  a  constant  unit  pressure,  the  variation 
of  pavement  thickness  with  load  calculated 
by  the  displacement  method  depends  upon 
the  variation  of  the  allowable  settlement  with 
the  wheel  load.  For  instance,  if  the  allowable 
D  is  assumed  proportional  to  a,  then  t  is  pro- 
portional to  V^-  For  D  independent  of  the 
load,  t  increases  much  more  rapidly  with  in- 
creased load. 

For  a  constant  factor  of  safety  in  the  point 
overstress  method,  t  is  proportional  to  V^* 
if  a  constant  strength  of  soil  is  assumed.  As 
the  pavement  thickness  increases,  however,  it 
may  be  expected  that  the  minimum  seasonal 
strength  of  the  subgrade  will  increase  so  that 
(  would  actually   increase  less  rapidlv   than 

Using  a  factor  of  safety  of  3  against  bearing 
capacity  for  the  clay  at  26  percent  moisture 
with  c=l.l  and/=0,  and  for  sand  with  c  =  0 
and  /=0.8,  pavement  thicknesses  for  various 
wheel  loads  and  p  =  8.64  kips  per  square  foot 
are  given  in  table  6.  It  may  be  seen  that  for 
the  clay  t  is  proportional  to  ^[P,  but  for  the 
sand  the  rate  of  increase  is  much  smaller. 

BRAKING  STRESSES 

In  addition  to  vertical  pressures,  the  stop- 
ping of  vehicles  causes  shear  stresses,  s,  on 
the  surface  in  the  direction  of  travel.  The 
magnitude  of  s  depends  upon  the  rate  of 
deceleration  and  is  limited  by  the  product 
of  the  vertical  pressure  and  the  cod 
friction  between  the  tire  and  the  surface. 

The  stresses  transmitted  from  such  a  sur- 
face shear  stress  may  be  of  use  in  determining 
the   required   thickness  and  strength   of   the 


surface  course.  For  instance,  the  horizontal 
shear  stress,  s*,  near  the  contact  of  a  surface 
course  with  a  base  course  may  be  a  factor 
in  the  required  thickness  of  surfacing  or  the 
required  strength  of  the  materials  near  the 
plane  of  contact.  For  a  uniform  shear  stress, 
s,  applied  over  a  circular  area  at  the  surface 
as  shown  in  figure  13,  the  maximum  values 
of  Sh  are  in  the  vertical  plane  through  the 
center  of  the  circle  and  oriented  in  the 
direction  of  travel. 

It  so  happens  that  the  ratio  —  is  the  same 

numerically  as  ^  for  Poisson's  ratio  =  0.5 
for  a  vertically  applied  load  (9)  as  tabulated 
in  table  1.     Thus,  for— =  0.5,  the  maximum 

value  of  —  is  0.374  at  —  =  0,  so  that  the  maxi- 
s  a 

mum  shear  stress   in   a  horizontal   direction 

at  the  depth  z     0.5a  has  been  reduced  to  37 

percent  of  its  value  at  the  surface. 

The  normal  stress  on  a  horizontal  plane,  p„ 

is  compressive  in  front  of  the  area  to  which 

shear  stresses  are  applied  but  tensile  behind 

the  center  of  the  loaded  area.  The  ratio  ^ 
is  equivalent  numerically  to  —  given  in  table 
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Figure  13.- 


-Stresm  s  from  applied  shear 
stress. 
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1.  The  maximum  tensile  stress  is  at  the  edge 
of  the  loaded  area  (point  B  in  fig.  13)  where 

^=0.318.     At  a  depth  —  =  0.5,  the  maximum 

value  of —  =  0.262.   as  shown  in  table    1   at 

s  ' 

—=1.0.  The  horizontal  normal  stress  devel- 
o 

oped  by  an  applied  shear  stress  is  likewise 
compressive  in  front  of  the  loaded  area  and 
tensile  behind  it.  Its  magnitude  is  theoreti- 
cally infinite  at  points  A  and  B. 

The  stresses  transmitted  from  a  combina- 
tion of  vertical  and  shear  loads  may  be  cal- 


culated as  the  sum  of  corresponding  stresses 
calculated  for  each  load  separately. 

The  maximum  resistance  of  a  surface  to 
horizontal  displacement  is  the  sum  of  its 
horizontal  bearing  capacity,  Qh,  and  the  total 
shearing  resistance,  SQ,  at  its  lower  boundary. 
For  the  shear  loading  considered  above,  Qh  is 
approximately  4  acz+lA  cz2,  where  c  is  half 
the  compressive  strength  of  a  cohesive  sur- 
face; and  jSa  =  s„*-a2  where  s„  is  the  unit  shear- 
ing resistance  at  the  lower  boundary.  Equat- 
ing Qa  +  <S<,  to  the  applied  shear  force,  Sira2, 
and  solving   for    z  gives   approximately 

z=-k  a as  the  thickness  of  surface  required 


to  prevent  failure  by  horizontal  displacement. 
The  value  of  s  cannot  exceed  c  because  skid- 
ding is  imminent  for  s  =  c.     For  the  worst  con- 

2 
dition,  s„  =  0  and  s  =  c,  so  that  z==-o  a.     Then, 

2 

for  a  10-kip  load  with  a  =  0.607  foot,  z=-~X 

0.607  =  0.4  foot  or  5  inches.  With  c  greater 
than  s  or  with  an  appreciable  value  of  sa,  the 
required  thickness  would  be  reduced.  Thus, 
for  the  above  loading  and  c=2s,  2=2.5  inches 
for  sa  =  0  or  2  =  0.5  inch  for  sa  =  0.8s.  If  the 
surface  is  laminated,  the  same  analysis  could 
be  applied  to  the  upper  layer  of  the  surface. 


a radius  of  loaded  area 

a' radius  of  area  such  that  total  load 

at  any  depth  equals  load  ap- 
plied at  surface 

A initial  cross-section  area 

c cohesion 

d reduction  in  height  per  unit  height 

D displacement 

E modulus  of  elasticity  of  subgrade 

Ep modulus  of  elasticity  of  pavement 

/ coefficient  of  internal  friction 

F displacement  factor 

Fa,  Fc,  F, bearing  capacity  factors 

I lateral  pressure 

n normal  stress 

p pressure  on  loaded  area 


NOTATION 

p' maximum  vertical  pressure 

pT radial  normal  stress 

pt tangential  normal  stress 

pr vertical  normal  stress  from  applied 

shear  stress 
p, vertical  normal  stress  from  applied 

vertical  pressure 

P total  load 

P' load  per  unit  length 

q bearing  capacity  per  unit  area 

Q ' reaction 

Qh horizontal  bearing  capacity 

r horizontal    radial    distance    from 

load  axis  to  element 
R radius  of  rigid  solid  cylinder 


s shear  stress 

Sj unit  shearing  resistance 

S/, horizontal  shear  stress 

sT radial  shear  stress 

sz vertical  shear  stress 

Sv total  shearing  resistance 

t pavement  thickness 

v vertical  pressure 

w. density  of  pavement 

w' density  of  subgrade 

2 depth    to    element    from    loaded 

surface 

ju Poisson's  ratio :  ratio  of  lateral  to 

axial  strain  in   a  simple   com- 
pression test 
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Scarifying  hardened  soil-cement  base  course  for  reconstruction 


Experimental  Soil-Cement  Base  Course 
in  South  Carolina 
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Reported   by   E.    A.    WILLIS,   Senior   Highway   Engineer 


In  the  8-year  study  of  soil-cemenl  base 
courses  described  in  this  article  it  was  found 
thai,  under  the  comlitions  encountered,  the 
durability  of  the  base  courses  increased 
proportionally  with  the  percentage  of  ce- 
ment used.  As  expected,  performance  of 
soil-cement  bases  on  friable  soils  was  better 
than  that  on  soils  of  plastic  nature.  The 
conclusion  that  admixtures  of  soil  and  gran- 
ular material  aloni'  performed  as  well  as  or 
better  than  soil-cemenl  mixtures  of  equal 
cost  is  not  surprising,  in  view  of  the  long 
history  of  successful  use  of  stone-stabili/iil 
base  courses. 


FROM  1032  to  1935  the  State  of  South 
Carolina  constructed  several  experimental 
sections  of  highway  using  portland  cement  as 
an  admixture  with  the  soils  existing  in  the 
roadbed  to  serve  as  base  course  for  light  bitu- 
minous surfaces.       The  excellent    results  ob- 


tained from  that  early  construction  contrib- 
uted largely  to  the  increase  in  use  of  soil-cement 
base   courses    throughout   the   State.       They 

ed  to  develop  and  improve  constnn 
procedures  and  control  nut  hods,  and  furnished 
data  useful  for  determining  cen  i     [uire- 

i-  for  different  types  of  soils.  As  further 
information  became  available  from  the  individ- 
ual sections,  it  was  evident  thai  additii 
-Indies  were  necessary  to  aid  in  solving  prob- 
lems relative  to  base  thickness,  quantity  of 
cement,  and  method  of  curing.  Accordingly, 
the  South  ( larolina State  Bi|  partmenl 

in  cooperation  with  the  Public  Roads  Adminis- 
tration constructed  an  experimental  road 
during  the  summer  of  1938  to  Btudy  the  influ- 
ence of  these  variables  on  the  service  behavior 
of  t  he  soil-cemenl  base  course 

l  in-   report    describes   the  construction  of 
spi  rimental  road  and  presents  conclu 
drawn  from  Btudj  i  vation  of  its 

formance  under  traffic  for  about  :  The 

ti-mil'    road  crosses  rolling  country  and  carries 


an  average  traffic  of  about  500  vehicles  per 
day.  Subgrade  soils  encountered  were  all  of 
silt-clay  material.  Twenty-two  section-  of 
mrse  were  constructed,  with 
thicknesses  of  -1,    I  :  and   with 

cement  contents  varying  fr  mi  3  t"  1 1  percent. 
In  addition,  two  sections  were  built  without 
cement — in  these,  stone  screenings  and  cru 

•  were  added  to  the  soil.  Eight  of 
the  .lions   were  cured   with   the 

of  eithei  tai  or  emulsified  asphalt  sur- 
icat  ton. 

(  <>\<  ii  >ki\> 

I         conclusions    drawn    from    ol 
of  the  experimental   road  1   below. 

They  are  necessarily  confined  to  the  condi- 
tions  encountered    in    this    investigal 

Portland  cemenl  admixtut 

found  to  be  effective  in  altering  the  phj 
properties  of  the  soil,  and  this  alteratioi 
ajor   factor   in    th<  of   the 

cement    I  Cted 
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Figure  1. — Soil-cement  base-course  construction:  (A)  Scarifying  the  roadbed;  (B)  pulverizing  with  a  disk  harroiv;  (C)  shaping  the  sub- 
grade;  (D)  spreading  cement;  (E)  applying  water;  and  (F)  wet  mixing  ivith  a  disk  harroiv. 
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A 


Figure  2. — Soil-cement  base-course  construction  'continued):  (A)   Wei   mixing   with  <»  blade  grader;  (It)  compacting;  (<   I  ihaping   <l" 
compacted  mixture;  (I))  rolling  with  trucks;  (E)  final  blading;  and  (I)  the  finished  base  course. 
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Table  1. — Details  of  experimental  sections 


Section  No. 

Length 

Soil  classification  group 

Group 
index 
range 

Design 
thick- 
ness 

Cement 
content 

by 
weight 

Curing  aid 

]  i 

Feet 
1 .  32(1 
120 
1.32(1 
1,320 
1,320 
1,32(1 
1,320 
1,320 
1,320 
1 ,  32(1 
1,320 
1,32(1 
1,258 
1.32(1 
1,320 
1.320 
1,320 
1.320 
1,32(1 
1 .  320 
1.320 
1.2(1(1 
1,140 
1,919 

A-7                   

9-13 

13-18 

8-13 

13-19 

14 

9-14 

11-14 

4-10 

2-8 

8-20 

14-19 

6-15 

4 

2-14 

1-7 

4-8 

13-20 

8-10 

6-7 

7-11 

4-10 

4-5 

7-11 

3-11 

Inches 
6 
6 
6 
fi 
6 
6 
fi 
fi 
fi 
6 
6 
6 
6 
6 
6 
6 
6 
fi 
fi 
fi 
4 
4 
4 
8 

Percent 
7 
9 
5 
7 
9 
11 
3 
5 

9 

(2) 

(3) 
3 
5 

9 
3 

5 
'7 
9 
5 
7 
9 
3 

2  ' 

A-7 

Do. 

3 

4 

A-5,  A-7 

A-7 

Do. 
Do. 

5                        

A-7 

A-7 

Do. 

6 

Do. 

7 

A-7 

Tar. 

8 

A-6,  A-7 

A-6 

A-7 

A-7     

Do. 

9.. 

10 

11 

Do. 
Do. 

None. 

12__._ 

13 

14 

A-4,  A-6,  A-7 

A-4,  A-6 

A^,  A-7 

Do. 

Emulsified  asphalt. 
Do. 

15 

16 

17 

A-4 _. 

A-4,  A-6 

A-7 

Do. 
Do. 

None. 

18 ... 

19 

20. 

21 

22 

23 

24 

A-5,  A-6 

A   4,  A-6.. 

A-6,  A-7 

A-4,  A-7 

A-4 ....- 

A-4,  A-7 

A-4,  A-fi,  A-7_ _ 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

1  Sections  1  and  2  were  scarified,  pulverized,  and  recompacted  at  optimum  moisture  content  about  3  weeks  after  com- 
pletion of  original  base-course  construction. 

2  Admixture  of  stone  screenings  applied  at  rate  of  300  pounds  per  square  yard. 

3  Admixture  of  stone  screenings  and  crusher-run  stone  applied  at  rate  of  300  pounds  per  square  yard. 

1  Rain  interfered  with  original  construction.    The  top  2  inches  were  pulverized,  mixed  with  fi  percent  additional  cement, 
and  recompacted. 


by  the  addition  of  cement  was  a  reduction 
in   the  plasticity  indexes  of  the  soils. 

The  addition  of  cement  to  the  soil  increased 
the  durability  of  the  base  course,  as  observed 
in  field  performance  and  as  measured  in  the 
laboratory  by  increased  resistance  to  de- 
terioration from  wetting  and  drying  and  from 
freezing  and  thawing.  Each  increase  in  the 
proportion  of  cement  to  soil  correspondingly 
increased  the  quality  of  performance  of  the 
base  course. 

Soil-cement  base  courses  6  inches  thick, 
with  cement  content  of  9  percent,  and  con- 
structed on  the  more  friable  soils,  gave  satis- 
factory performance  for  the  full  8  years.  As 
might  be  expected,  the  soil-cement  base 
courses  on  friable  soils  gave  better  performance 
than  comparable  bases  on  the  more  plastic 
soils. 

A  3  percent  cement  content  was  not  suffi- 
cient to  produce  required  base-course  sta- 
bility, even  when  the  base  thickness  was  in- 
creased to  8  inches. 

Soil-cement  bases  4  inches  thick  were  in- 
adequate even  with  cement  content  as  high 
as  9  percent. 

Use  of  a  surface  application  of  asphalt 
emulsion  or  tar  as  an  aid  in  curing  the  soil- 
cement  base  courses  proved  beneficial,  the 
emulsion  producing  superior  results. 

Admixtures  of  granular  material  and  soil, 
without  cement,  gave  performance  equal  to  or 
better  than  soil-cement  mixtures,  and  at  no 
greater  cost.  The  excellent  performance  of 
the  stone-stabilized  base  courses  agrees  with 
long  experience  in  which  good  results  have 
been  achieved  by  this  low-cost  construction 
method. 

DESCRIPTION  OF  PROJECT 


tion  for  a  distance  of  6.1  miles  to  the  intersec- 
tion with  route  U  S  521  at  Lancaster. 

The  road  passes  through  an  area  of  rolling 
hills  containing  soils  of  the  Cecil  series  formed 
by  weathering  of  the  underlying  crystaline 
rocks  characteristic  of  the  Piedmont  Plateau. 
Surface  soils  in  this  region  vary  from  a  light 
gray  or  pale  yellow  fine-sandy  loam  to  a  red- 
dish clay  loam.  Generally,  the  subsoils  consist 
of  red  or  yellowish-red  or  mottled  yellow-and- 
red  stiff  clays.  As  the  underlying  rocks  are 
approached,  the  soil  changes  to  a  soft  disinte- 
grated rock  containing  sufficient  mica  to 
impart  a  greasy  feel.  Quartz  veins  occur  in 
some  places  and  rock  fragments  are  encoun- 
tered throughout  the  entire  profile. 

A  traffic  count  made  in  1941  disclosed  that 
an  average  of  424  vehicles  per  day  traveled 
over  the  southern  17  sections  and  800  vehicles 
per  day  over  the  northern  end  which  includes 
sections  18  to  24.  During  6  weeks  of  Army 
maneuvers  in  1942  between  1,500  and  2,000 
vehicles  used  this  road  daily,  and  at  one  time 
500  tanks,  varying  in  weight  from  12  to  32 
tons,  were  counted  in  a  5-hour  period.  An 
average  of  559  vehicles  per  day  was  recorded 
in  a  later  traffic  count  made  during  the  week  of 
January  2  to  9,  1942. 

Details  of  the  24  test  sections,  each  approx- 
imately one-fourth  mile  in  length,  are^given  in 
table  1.  A  soil-cement  base  was  constructed 
on  22  sections  by  mixing  cement  with  the 
natural  soil  encountered  on  the  grade.  Base 
thicknesses  of  4,  6,  and  8  inches  were  employed 


and  the  cement  content  was  varied  from  3  to- 
ll percent  by  weight.  No  special  provision 
was  made  for  curing  the  soil-cement  base  on 
14  of  the  sections.  On  four  sections  curing 
was  aided  by  a  light  coat  of  tar  applied  the  day 
after  the  base  was  completed,  and  the  four 
remaining  soil-cement  sections  received  a 
similar  application  of  asphalt  emulsion. 

Sections  1  and  2,  which  contained  7  and  9 
percent  of  cement,  respectively,  were  scarified 
and  repulverized  about  3  weeks  after  they  had 
been  completed  originally.  Following  pul- 
verization, the  moisture  content  was  brought 
up  to  optimum  and  the  base  courses  were  re- 
compacted. This  was  done  to  determine  the 
effect  of  reworking  a  soil-cement  base  after 
hydration  was  well  advanced. 

A  heavy  rain  occurred  while  section  19  was 
being  compacted.  The  resulting  excessive 
moisture  made  it  impossible  to  compact  the 
upper  2  inches  of  the  base  course.  Therefore, 
on  the  following  morning  the  upper  2  inches 
were  loosened,  pulverized,  and  mixed  with  ad- 
ditional cement  in  an  amount  equal  to  6  per- 
cent by  weight  of  dry  soil. 

Cement  was  not  used  in  •the  base  courses  of 
sections  11  and  12.  Instead,  stone  screenings 
and  crushed  stone  were  mixed  with  the  soil. 
In  section  11  a  mixture  of  soil  with  stone 
screenings,  in  an  amount  equal  to  300  pounds 
per  square  yard,  was  used.  In  section  12 
the  soil  was  mixed  with  150  pounds  per  square 
yard  of  stone  screenings  following  which 
crushed  stone,  applied  at  the  rate  of  150 
pounds  per  square  yard,  was  incorporated 
in  the  upper  2  inches  of  the  soil-screenings 
mixture.  No  attempt  was  made  to  propor- 
tion the  stone  screenings,  crushed  stone,  and 
soil  in  accordance  with  any  particular  method 
of  design.  The  purpose  in  constructing  sec- 
tions 11  and  12  was  to  produce  a  6-inch  base 
course  in  which  the  cost  of  the  stone  added 
would  equal  the  cost  of  the  cement  required 
for  an  equivalent  thickness  of  soil-cement 
base  course  containing  9  percent  cement. 

The  soils  '  occurring  in  the  subgrade  were 
utilized  in  the  construction  of  the  base  course. 
All  of  them  were  silt-clay  materials  of  which 
more  than  35  percent  passed  the  No.  200 
sieve.  They  varied  from  a  group  A-4  soil 
with  a  group  index  of  1  to  a  group  A-7-5 
soil  with  a  group  index  of  20.  The  classifi- 
cation and  variation  in  group  index  of  the 
soils  found  on  each  section  are  indicated  in 
table  1.  Analyses  of  typical  soils  are  given 
in  table  2. 


;  The  soil  classification  used  in  this  report  is  the.  one.  adopt- 
ed by  the  Highway  Research  Board  Committee  on  Classifi- 
cation of  Materials  for  Subgrades  and  Granular  Type  Roads 
and  published  in  the  Proceedings  of  the  Highway  Research 
Board,  Vol.  25,  1945,  pp.  376-384.  Reprints  of  the  Classi- 
fication are  available  from  the  Public  Roads  Administration. 


Table  2. — Results  of  tests  on  typical  soils 


Sample  No. 


The  experimental  road  is  located  on  State  i 

route  93  in  Lancaster  County,  South  Carolina.  ? 

It  begins  at  a  point  about  6  miles  northeast  of  4 
Nitrolee  and  extends  in  a  northeasterlv  direc- 


Sampled  from- 


Sec(  ion       Station 


450 
508 
483 
394 


Passing  sieve- 


No.  10       No.  200 


Percent 

90 


96 
100 


Percent 
41 
66 
79 


Liquid 
limit 


Plasti- 
city 
index 


Soil 
classifi- 
cation 
group 


A-4 

A-6 
A -7-6 
A-7-5 


Group 
index 


Opti- 
mum 
moisture 


Percent 
17 
15 
19 
23 
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After  a  preliminary  soil  survey  had  been 
made,  the  limits  for  the  experimental  sections 
were  established  and  the  percentages  of 
cement  to  be  used  were  selected  arbitrarily. 
This  selection  was  based  primarily  on  previous 
experience  with  soil-cement  base  construction 
in  South  Carolina.  Subsequently,  three  or 
more  samples  of  soil  were  obtained  from  each 
section  for  test  purposes. 

In  addition  to  the  mechanical  analyses  and 
physical  test  constants,  which  were  determined 
in  the  Public  Roads  laboratories,  compaction 
and  durability  tests  were  performed  on  these 
samples  in  the  South  Carolina  State  Highway 
Department  laboratory.  In  general,  dura- 
bility tests  were  made  on  each  soil  with  three 
different  cement  contents:  that  selected  for 
the  section,  2  percent  above  the  selected  per- 
centage, and  2  percent  below.  The  procedures 
followed  were  similar  to  those  later  adopted 
by  the  American  Society  for  Testing  Materials 
in  Methods  D  559-44  and  D  560-44. 

The  results  of  compaction  tests  on  typical 
soil  samples  are  shown  in  table  2.  Average 
values  of  the  percentage  of  loss  in  weight  of 
soil-cement  mixtures  after  approximately  50 
cycles  of  wetting  and  drying  and  of  freezing 
and  thawing  are  shown  in  table  3. 

CONSTRUCTION  METHODS 

Base  construction  was  started  in  May  and 
completed  in  August  1938.  A  bituminous 
surface  treatment  was  applied  in  September 
1938  and  a  re-treatment  in  August  1939. 
State  forces  built  the  base  and  surfacing. 

Construction  of  the  soil-cement  base  con- 
sisted of  scarifying  and  pulverizing  the  soils  in 
the  roadbed  to  the  required  depth  and  width, 
spreading  the  cement,  mixing  the  cement  and 
dry  soil,  applying  and  mixing  water,  compact- 
ing the  mixtures,  and  shaping  to  the  desired 
cross  section.  The  various  operations  are  il- 
lustrated in  figures  1  and  2. 

Shaping  of  the  base  commenced  when  the 
soil  was  compacted  to  the  extent  that  the 

Tabic  3. — Results  of  durability  tests  of  soil  - 
cement  mixtures 


Subgrade  group  and  cement  content 
by  weight  (in  percent) 

Average  loss  after 

approximately  50 

cycles  of— 

Wetting- 
drying 

Freezing- 
thawing 

A-4  (group  Index  1-7)  with  cement  con- 
tent of: — 
3 

Percent 

32 

20 

7 

2 

2 

41 

27 
16 

12 

1 

61 
40 
12 
9 
4 

100 
46 
20 

6 

1 

Percent 
37 

5...                              

26 

7 

16 

9... 

8 

11...                                

0 

A-6  (group  index  2-10)  with  cement 
content  of:— 
3  .. 

65 

5 - 

7                                          

26 
15 

9                                              

18 

11...                                  

1 

A-7-6  (group  index  7-18)  with  cement 
content  of:— 
3 - 

78 

5                                  

39 

7    .                              

22 

9  .. - 

11 

11 

11 

A-7-5  (group  index  8-20)  with  cement 
content  of:— 
3 

100 

5                         

41 

7                                      

30 

9 

12 

11                                     

10 

Figure  3. — Appearance  of  the  base  after 
rolling  (A)  and  after  final  blading  on 
friable  soil  (B)  and  on  heavy  clay  soil  (C). 


sheepsfoot  rollers  penetrated  only  1^  inches 
below  the  surface.  Shaping  and  compacting 
continued  until  the  surface  was  brought 
to  the  desired  cross  section  and  the  feet  of  the 
rollers  rode  on  the  surface  without  penetra- 
tion. The  sheepsfoot  rollers  were  then  taken 
off  the  road  and  compaction  was  completed  by 
rolling  with  pneumatic-tired  trucks.  The 
appearance  of  the  surface  after  rolling  is  shown 
in  figure  3/1. 

Surface  irregularities  and  roller  marks  were 
removed  by  blading  as  soon  as  the  rolling  was 
completed.  Approximately  one-half  inch  of 
material  was  removed  in  this  manner.  This 
work  e  with  the  motor  grader  shown  in 

figure  2/'  i  with  a  light  tractor-drawn 

blade  grader.     The  api  of  the  surface 

after  the  final  blading  is  illustrated  in  fi| 
3B  and  C:  The  surface  texture  in  figure  ZB  is 
typical  of  locations  where  the  soil  was  of  a  fri- 
able nature,  while  the  texture  in  figure  3C  is 
representative  of  the  more  plastic  red  clay 
soils.     The  scars  in  the'surface  were  caused  by 


dislodgement  and  removal  of  rock  fragmi 
during  the  final  blading. 

A  transverse  joint  was  constructed  at  the 
end  of  each  section  when  the  final  blading 
ted.  The  compacted  material  was  first 
cut  away  to  leave  a  smooth  vertical  face  for 
the  full  depth  of  the  compacted  mixture.  A 
wooden  header,  trimmed  to  conform  to 
final    cross    section    of    the    ba  hen 

staked    against  the  cut  face  and  was  not  re- 
moved  until  after  the  adjoining  section  had 
constructed. 

In  i lie  construction  of  the;  joint,  difficulty 
encountered  in  getting  a  uniformly  mixed 
and  thoroughly  compacted  base  at  the  junc- 
tion without  damaging  the  completed  section 
when  the  construction  equipment  turned 
around.  A  protective  cover  of  earth  from  2 
to  3  inches  thick  was  placed  over  the  la- 
feet  of  the  completed  section  in  an  attemi 
overcome  this  difficulty.  This  permitted  the 
equipment  to  turn  on  the  completed  section 
without  producing  any  damage.  However, 
this  procedure  did  not  eliminate  the  necessity 
for  hand-mixing  and  tamping  at  the  joint. 

method  finally  adopted  at  the  turn- 
arounds consisted  of  blading  the  materials 
forward  from  the  joint  and  making  all  turns 
ahead  of  the  completed  section,  as  shown  in 
figure  4.  Only  pneumatic-tired  equipment 
such  as  water  distributors  and  the  motor 
patrol  were  permitted  on  the  completed  base 
course.  After  each  mixing  operation 
completed,  the  mixtun  read  out  uni- 

formly' against  the  joint.  Machine-mixing 
and  compacting  near  the  joint  were  supple- 
mented by  hand-mixing  and  tamping. 

On  section-  ."  d  10  a  surface  applica- 

tion of  tar  (RT-2)   was  used  to  aid  curing, 
while  sections  13,  11.  15,  and  16  were  similarly 
treated  with  emulsified  asphalt  (South  Caro- 
lina   designation    RCO-1).     Both     materials 
were  used  at  the  rate  of  about  0.2  gallon  per 
ire  yard.     The  tar  was  applied  by  a  ; 
distributor    on     a    surface    previously 
cleaned  of  loose  material.     Emulsified  asphalt 
applied  in  the  same  manner  as  the  tar,  but 
no  cleaning  was  necessary  as  the  surface  was 
maintained  in  a  moist  condition  by  sprinkling 
until  the  application  of  the  emulsion.     The 
several  applicatioi  r  amounted  to  ap- 

proximately 2.2  gallons  per  square  yard  of 
surface. 

remaining  16  .ere  alio' 

a  protective  covering  of  any  kind 
until  the  surf.-  •■  was  constructed. 

s  1  and  2  were  torn  up  and  recon- 
structed about  3  weeks  after  tiny  were 
originally  con  up 

the    bardi  mixture    in    ! 

shown  in 

the     illustration     at     the     top    of    page    0.      A 

I    roller  n  duced   I  mall 


-turn  arouv 


COMPLETED  BASE 


V/////////////S 


HEADER 


-- 


SUBGRADE— ' 

Figure  / — Construction  method  at  joint*. 
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Observations  of  variations  in  construction 
procedures,  weather  conditions,  and  time  re- 
quired to  perform  the  different  operations  on 
each  section  were  made  during  construction  of 
the  base.  Important  variables  have  already 
been  described.  No  correlation  was  found  be- 
tween weather  conditions,  or  time  of  mixing, 
compacting,  and  other  operations,  and  the 
condition  of  the  base  course.  Therefore,  since 
they  would  serve  no  useful  purpose,  weather 
records  and  time  study  data  are  not  presented 
in  this  report. 

BITUMINOUS  SURFACE  CONSTRUCTED 

A  bituminous  wearing  surface  was  con- 
structed in  September  1938.  This  consisted  of 
a  prime  coat  of  tar  at  the  rate  of  0.22  gallon 
per  square  yard  followed  by  an  application  of 
0.40  gallon  per  square  yard  of  hot  asphalt 
(150-200  penetration)  covered  with  crushed 
stone  at  the  rate  of  36  pounds  per  square  yard. 

In  August  of  1939  the  experimental  road 
was  resurfaced.  A  tack  coat  of  0.10  gallon 
per  square  yard  of  cut-back  asphalt  (RC-1) 
was  applied  to  the  old  surface  and  covered 
with  42  pounds  per  square  yard  of  crushed 
stone.  This  was  followed  by  two  equal  ap- 
plications of  sand  totaling  40  pounds  per 
square  yard.  When  the  last  application  of 
sand  was  dry,  cut-back  asphalt  (RC-1)  was 
distributed  over  the  sand  and  stone  at  the 
rate  of  0.90  gallon  per  square  yard.  The 
asphalt  and  aggregates  were  mixed  by  a 
multiple  blade  drag,  spread,  and  then  com- 
pacted with  a  5-ton  tandem  roller. 

CONDITION  OF  BASE  DISCLOSED 
BY  CORE  BORINGS 


Figure  5. — (A)  Placing  stone  screenings  on  section  11 

section  12. 


(B)  spreading  crushed  stone  on 


clods  which  were  then  easily  pulverized  by 
disk  harrows  and  blade  graders.  As  no 
cement  was  added  to  the  pulverized  soil- 
cement  mixture,  the  dry-mixing  operation 
was  eliminated.  Otherwise,  the  reconstruc- 
tion was  performed  in  the  same  manner  as  the 
original  construction. 

On  section  11  the  soil  in  the  roadbed  was 
scarified  to  a  depth  of  4  inches  for  a  width 
of  21  feet.  The  scarified  soil  was  then  pul- 
verized and  leveled,  and  stone  screenings 
were  placed  in  piles  on  top  of  the  pulverized 
soil  as  shown  in  figure  BA.  The  piles  of 
screenings  were  spaced  so  that  when  spread 
uniformly  over  the  surface  an  application  of 
300  pounds  per  square  yard  resulted.  The 
screenings  were  first  spread,  then  the  soil  and 
screenings  were  mixed   thoroughly  and   uni- 

Table    4. — Gradations     of-    screenings    and 
crushed  stone  used  in  sections  11  and  12 


Material  passing  sieve  size — 

Screen- 
ings 

Crushed 
stone 

l\i  inch 

Percent 

Percent 
100 

1  inch _ 

96 

%  inch 

67 

%  inch 

28 

No.  4 

100 

84 
50 
18 

20 

No.  10 

18 

No.  40 

9 

No.  200 

2 

At  periods  ranging  from  7  to  40  days 
following  construction  of  the  various  test 
sections,    cores   were   drilled   from   the    base 

,        ,  ,    c     ,,      ,,  .  ,  course    at    250-foot    intervals.     Cores    were 

formly,  and  finally  the  mixture  was  com- 
pacted and  shaped  to  conform  to  the  desired 
cross  section.  Table  5.— Condition  of  base  courses  after 

A  heavy  rain  occurred  on  the  night  previous  curing,  as  revealed  by  core  borings 

to  the  mixing  of  the  soil  with  the  screenings. 
For  this  reason,  no  water  was  required  for 
mixing  but  a  great  deal  of  extra  disking  and 
blading  was  necessary  in  order  to  dry  out 
the  mixture  sufficiently  to  permit  compaction. 
Otherwise,  all  the  operations  of  scarifying, 
pulverizing,  mixing,  compacting,  and  shaping 
were  performed  in  the  same  manner  as  de- 
scribed for  the  soil-cement  mixtures. 

On  section  12,  a  4-inch  layer  of  the  pulver- 
ized soil  was  mixed  with  stone  screenings  ap- 
plied at  the  rate  of  150  pounds  per  square  yard. 
This  mixture  was  shaped  and  compacted  until 
the  sheepsfoot  rollers  would  penetrate  only  2 
inches  below  the  surface.  Crushed  stone  was 
then  spread,  at  the  rate  of  150  pounds  per 
square  yard,  from  trucks  equipped  with 
spreader  boxes  as  shown  in  figure  5B.  The 
crushed  stone  and  the  2-inch  uncompacted 
surface  layer  of  soil  and  screenings  were  thor- 
oughly and  uniformly  mixed,  shaped  to  cross 
section,  and  compacted  by  rolling  with  a 
sheepsfoot  roller  and  pneumatic- tired  trucks.         i  percentage  of  total  number  of  borings  where  base  was  not 

Typical  gradations  of  the  screenings  and      hTMfxtu^ffUs1oii;0n1ttle1s?reenIngs. 
crushed  stone  used  in  sections  11  and  12  are  3  Mixture  of  soil,  stone  screenings,  and  crushed  stone. 

*  Nonuniform  mixing  near  bridge  abutment, 
given  in  table  4.  i  Mixed  and  compacted  after  dark. 


Designed 
cement 
content 

Harden- 
ing 
period 

Test  borings 

Section  Number 

Number 

Percent 
unnard- 
ened  ' 

1... 

Percent 
7 
9 
5 
7 
9 
11 
3 
5 
7 
9 

m 
(3) 

3 

5 
7 
9 
3 
5 
7 
9 
5 
7 
9 
3 

Days 
30 
30 
19 
18 
16 
16 
40 
36 
35 
34 

15 
18 
15 
15 
18 
15 
15 
15 
15 
18 

0 

2 

0 

3 

60 

4... 

60 

5 

50 

6. 

73 

7. 

7 

8 

0 

9. 

0 

10--. --. 

0 

11 

12 

13* 

22 

21 
22 
19 
20 
17 
17 
16 
14 
24 
24 
7 

15 
15 
18 
15 
12 
18 
15 
15 
18 
12 
18 
24 

7 

14... 

0 

15  « 

72 

16« 

40 

17 

58 

18 

6 

19 

0 

20 

7 

21... 

28 

22.... 

0 

23.. ---. 

11 

24... 

13 

14 
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taken  on  the  center  lino  and  about  6  to  8  feet 
on  either  side  of  the  center  line  at  each 
location. 

Many  of  the  cores  were  shattered  when  the 
drill  struck  rock  fragments  in  the  soil.  In 
other  instances,  satisfactory  cores  could  not 
be  obtained  because  the  lower  portions  of  the 
base-course  mixtures  had  not  hardened.  For 
these  reasons  the  thickness  of  the  base  courses 
was  measured  in  the  drill  hole.  The  weights 
and  volumes  of  the  sound  cores  were  deter- 
mined later,  in  the  laboratory,  and  their 
densities  calculated. 

Table  5  shows  the  total  number  of  borings 
in  each  section  and  the  percentage  of  the 
locations  containing  unhardened  (dry,  friable, 
and  crumbly)  material  within  the  processed 
layer.  The  table  also  shows  the  age  of  the 
base  at  the  time  of  drilling  the  cores.  On  all 
of  the  sections,  except  Nos.  3  to  7,  wet- 
mixing  during  construction  was  accomplished 
by  disk  harrow  and  blade  grader.  On  sections 
3  to  7  only  the  disk  harrow  was  used. 

The  greater  uniformity  of  the  base  in  the 
sections  mixed  with  both  disk  harrow  and 
blade  grader  is  clearly  shown  in  table  5. 
Nonuniformly  hardened  material  was  en- 
countered at  50  percent  or  more  of  the  loca- 
tions drilled  in  sections  3,  4,  5.  and  6,  which 
had  been  mixed  with  disk  harrow  alone. 
Borings  were  made  when  these  sections  were 
16  to  19  days  old.  Section  7,  containing  3  per- 
cent cement,  was  the  only  other  section  on 
which  mixing  was  accomplished  solely  with  the 
disk  harrow.  Cores  were  drilled  when  this 
section  was  40  days  old.  At  that  time  non- 
hardened  material  was  found  at  only  7  percent 
of  the  locations. 

The  disk  harrow  and  blade  grader  had 
been  used  in  combination  in  the  mixing  oper- 
ations on  the  remaining  17  sections  containing 
cement.  On  eight  of  these  sections  the  base 
was  uniformly  hardened  at  all  locations 
where  borings  were  made.  These  sections 
were  drilled  at  ages  ranging  from  17  to  36 
days.     Nonuniformly  hardened  material  was 


'igure  6. — (A)  Shrinkage  cracks  in  the  remdbed  soil  prior  to  construction.  (11)  tppearance 
of  the  completed  soil-cement  base  course  on  section  IT  (.3  percent  cement);  (C)  on  section 
22  (J  percent  cement);  (I))  on  section  19  (7  percent  cement)  after  tlic  top  teas  enriched 
and  reconstructed ;  (E)  on  section  1  (7  percent  cement)  before  reconstruction :  (F)  on  tlte 
same  section  after  reconstruction ;  and  (G)  on  a  section  cured  with  emulsified  asphalt. 


encountered  at  some  locations  in  all  of  the 
remaining  nine  sections  but  in  only  three  of 


Table  6. — Summary  c 

/  thickness  and  density  measurements 

Designed 
cement 
content 

Thickness  in  inches 

Density  in  pounds 
foot 

per  cubic 

Section  No. 

Designed 

Measured 

Average 
compac- 
tion ' 

Avg. 

Max. 

Mir. 

Avg. 

Max. 

Min. 

1 

Percent 
7 
9 
5 
7 
9 
11 
3 
5 
7 
9 

(2) 

(3) 
3 
9 
7 
9 
3 
5 
7 
9 
5 
7 
9 
3 

6 
6 
6 
6 
6 
6 
G 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
4 
4 
4 
8 

7.0 
7.1 
6.7 
7.0 
6.9 
7.3 
6.5 
6.2 
7.0 
6.4 
6.0 
6.2 
6.0 
6.0 
6.4 
6.6 
7.3 
6.5 
7.2 
6.1 
5.2 
5.2 
4.5 
7.9 

8.0 
9.0 
8.5 
8.5 
9.0 
9.0 
8.0 
7.0 
8.5 
9.0 
7.2 

9.0 
8.0 
8.5 
8.0 
8.0 
8.0 
9.0 
8.0 
6.5 
6.0 
6.5 
9.5 

5.0 
5.5 
5.2 
5.5 
5.2 
4.3 
5.0 
4.0 
6.0 
5.0 
6.2 
5.5 
4.0 
4.5 

5.5 

6.5 

5.0 

6.0 

6.0 

4.5 

1 

4.0 

6.0 

97 

97 
100 
100 
102 

98 
105 
100 
100 

92 
119 
122 
109 
108 

98 
101 
100 

97 
103 
101 
100 
101 

101 

103 
106 
108 
107 
107 
102 
109 
105 
107 
97 
123 
128 
116 
HI 
100 
104 
100 
98 
106 
104 
104 
102 

105 

91 

92 

92 

95 

94 

91 

97 

90 

96 

90 

117 

116 

105 

105 

95 

96 

99 

95 

100 
94 

100 
85 
93 

Percent 
92 

2 

97 

3 

100 

4 

96 

5 

101 

6 .   . 

93 

7 

101 

8 

96 

9 

92 

10 

94 

11 _ 

111 

12 

103 

13 

97 

14 

100 

15 

94 

16... 

94 

17 

100 

18 

93 

19... 

94 

20 

21. 

96 

22 

94 

23 _ 

24.. 

93 

i  Average  compaction  expressed  as  percentage  of  average  maximum  density  determined  in  accordance  with  Method  T-99-38 
Of  the  A.A.S.H.O.  .     , 

»  Mixture  of  soil  and  stone  screenings.  '  Mixture  of  soil,  stone  screenings,  and  crushed  stone. 
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these,  sections  15,  16,  and  17,  was  the  per- 
centage of  occurrence  greater  than  2^  peri 
Sections  15  and  16.  on  which  nonuniform 
hardening  was  found  to  be  72  and  40  percent, 
respectively,  of  the  cure  drill  locations,  were 
mixed  and  coi  at  nighl  with  no  other 

light  than  that  furnished  by  the  hcadl 
on  the  construction  equipment.  Nonuni- 
formly hardened  base  was  encountered  at 
58  percent  of  the  locations  on  section  17,  con- 
taining 3  percent  cement,  when  cores  wen' 
drilled  20  days  after  construction. 

The  large  number  of  locations  where  non- 
uniformly  hardened  material  was  encountered 
in  the  sections  mixed  with  the  disk  harrow 
alone  was  due  apparently  to  the  fad  that 
the  disks  did  not  cut  deeply  enough  to  di>- 
tribute  the  water  properly  in  the  lower  pari 
of  the  mixture.  This  condition 
by  using  the  blade  grader  which  pn 
more  uniform  distribution  <>f  the  water  in  the 
mix. 

I:.  •  ilte  of  thickness  and  density  i 
men-  I    in    table    »'>.       \ 

rable  variation  from  the  specified  thick- 
found  in  individual  cases,  ranging 
from  a  minimum  -'f   I   to  a  maximum  of  9 
inches  for  the  6-inch  sections.     Howi 

15 


average  thickness  of  any  one  of  this  group  of 
18  sections  was  never  less  than  6  inches  and 
the  maximum  value  of  average  thickness  was 
7.3  inches.  Similar  variations  from  specified 
thickness  were  encountered  on  the  4-inch 
and  8-inch  sections. 

Although  base-course  densities  (table  6) 
varied  over  a  wide  range,  the  average  com- 
paction per  section,  with  the  exception  of 
section  23,  was  not  less  than  92  percent  of  the 
average  maximum  density  of  the  soil-cement 
mixtures  as  determined  in  the  laboratory  in 
accordance  with  Method  T-99-38  of  the 
American  Association  of  State  Highway 
Officials.  The  average  compaction  for  sec- 
tion 23  was  89  percent. 

A  check  on  base  thickness  was  made  in  1944 
by  drilling  additional  cores  from  each  section 
at  locations  close  to  those  where  the  original 
cores  were  taken.  The  individual  values 
varied  appreciably  from  the  figures  given  in 
table  6.  However,  the  average  values  for 
each  section  showed  no  significant  change 
from  those  measured  in  1938. 


SHRINKAGE  CRACKING 

Shrinkage  cracks  that  developed  in  the 
various  sections  after  the  base  had  been 
compacted  were  recorded  by  means  of  photo- 
graphs. 

Figure  6A  shows  the  roadbed  soil  before  it 
was  scarified  and  mixed  with  cement.  Typical 
examples  of  the  cracking  that  developed  in 
the  soil-cement  base  in  many  of  the  sections 
where  no  curing  aid  was  provided  are  shown 
in  figures  6B  and  E.  Figure  6C  shows  the 
appearance  of  section  22,  where  practically  no 
shrinkage  cracking  occurred  in  the  soil- 
cement  base. 

In  general  it  was  observed  that  as  the 
amount  of  cement  was  increased,  the  amount 
of  shrinkage  cracking  decreased.  Differences 
in  the  amount  of  cracking  occurring  on  sec- 
tions having  the  same  percentage  of  cement 
were  probably  due  to  variations  in  the  soil. 

The  condition  of  section  19  (7  percent  ce- 
ment), on  which  the  upper  2  inches  had  been 
reconstructed  with  an  additional  6  percent  of 
cement,  is  shown  in  figure  6D.  It  will  be  seen 
that  the  enriched  upper  layer  was  almost  en- 
tirely free  from  shrinkage  cracks. 

The  appearance  of  section  1  after  reconstruc- 
tion is  illustrated  in  figure  6F.  Comparing  fig- 
ures 6£J  and  F,  it  will  be  seen  that  as  a  result 
of  reconstruction  the  amount  of  cracking  and 
the  crack  width  had  been  considerably  re- 
duced. 

The  cracking  that  occurred  in  the  soil- 
cement  bases  on  sections  7  to  10,  inclusive, 
where  tar  was  used  as  a  curing  aid,  was  similar 
in  amount  and  intensity  to  the  cracking  ob- 
served in  the  bases  of  corresponding  cement 
content  on  the  sections  that  had  been  al- 
lowed to  cure  without  a  protective  cover. 

Shrinkage  cracking  did  not  occur  in  the  base 
courses  of  sections  13  to  16,  where  emulsified 
asphalt  was  used  as  a  curing  aid.  Figure 
6(?  is  representative  of  the  condition  of  these 
four  sections  prior  to  surface  treatment. 
Unlike  the  tar,  which  penetrated  to  a  depth 
of  one-eighth  to  one-fourth  inch  and  was  dry 


Table  7. — Effect  of  cement  on  average  liquid 
limits,  plastic  limits,  and  plasticity 
indexes 


Subgrade  group  and  cement 
content  (in  percent) 

Aver- 
age 
liquid 
limit 

Aver- 
age 
plastic 
limit 

Aver- 
age 
plastic- 
ity 
index 

Group  A-l  with  cement  content 
of: 
0 

33 
36 
35 
36 
34 

36 
38 
36 
40 
37 

47 
36 
38 
39 
38 
38 

53 
40 

38 
40 
40 
37 

26 

32 

33 

■  NP 

NP 

22 
31 
32 
36 
36 

27 
29 
31 
37 
36 
NP 

33 
30 
30 
35 
37 
NP 

7 

3 

4 

5... 

2 

7 

NP 

9 

NP 

Group  A-6  with  cement  content 
of: 
0 

14 

3.   

7 

5 

4 

7 

4 

9 

1 

Group  A-7-6  with  cement  content 
of: 
0 _ _ 

20 

3 

7 

5... 

7 

7... 

2 

9 

2 

11 

NP 

Group  A-7-5  with  cement  content 
of: 
0 

20 

3 

10 

5... 

8 

7 

5 

9. 

3 

11 

NP 

1  NP=nonplastic. 

by  the  following  morning,  the  asphalt  emulsion 
formed  a  film  over  the  surface  and  did  not 
dry  for  about  3  days.  Before  it  dried,  the 
emulsion  film  could  be  lifted  and  peeled  off 
without  disturbing  the  base  underneath. 
After  drying,  it  was  securely  bound  to  the  base. 

Two  other  factors  that  probably  influenced 
the  behavior  of  the  emulsion-treated  sections 
were  the  maintenance  of  the  surface  in  a  moist 
condition  by  sprinkling  until  the  emulsified 
asphalt  was  applied,  and  the  friable  character 
of  the  soils  which,  on  an  average,  had  lower 
liquid  limits  and  plasticity  indexes  than  any 
other  four  consecutive  sections  on  the  experi- 
mental road.  Sample  No.  1,  table  2,  is  typical 
of  the  soils  in  these  sections. 

No  cracking  developed  in  the  crushed  stone 
and  screenings  sections,  Nos.  11  and  12, 
except  in  one  140-foot  length  where  water 
from  heavy  rains  had  saturated  the  loose  mix- 
ture of  soil  and  screenings.  The  mixture  in 
this  portion  of  the  road  was  bladed  back  and 
forth  for  5  hours  until  it  was  dry  enough  to 
roll.  The  moisture  content,  even  after  this 
period  of  aeration,  was  judged  to  be  above 
optimum. 

EFFECT  OF  CEMENT  ON  PLASTICITY 

Samples  of  pulverized  soil  were  taken  from 
each  section  before  cement  was  added. 
These  samples,  representative  both  of  the  soil 
in  the  soil-cement  mixture  and  of  the  subgrade 
soil,  were  tested  to  determine  their  gradations 
and  physical  properties.  The  cores  of  hard- 
ened soil-cement  previously  described  were 
obtained  from  the  completed  base  course  at 
approximately  the  same  locations  as  the  pul- 
verized soil  samples.  After  their  densities 
had  been  determined,  the  cores  were  pulverized 
and  the  resulting  material 'tested  for  liquid 
limit  and  plasticity  index. 

In  all  but  2  of  the  66  locations  sampled,  the 
plasticity  indexes  of  the  soil-cement  mixtures 


were  appreciably  lower  than  that  of  the  raw 
soil.  The  plasticit}'  indexes  of  the  mixtures 
and  raw  soils  were  equal  in  the  two  exceptions 
noted. 

The  effects  of  the  various  percentages  of 
cement  on  the  average  liquid  limits,  plastic 
limits,  and  plasticity  indexes  of  soils  of  the 
A-4,  A-6,  A-7-6,  and  A-7-5  subgrade  groups 
encountered  are  shown  in  table  7. 

The  cement  admixtures  were  effective  in 
reducing  the  liquid  limits  of  the  raw  soils 
having  liquid  limits  above  about  40,  while 
generally  producing  an  increase  in  those  soils 
having  liquid  limits  below  40.  This  relation 
was  observed  regardless  of  the  percentage  of 
cement. 

In  illustration,  the  average  liquid  limits  of 
the  group  A-4  and  group  A-6  soils  without 
cement  were  33  and  36,  respectively.  The 
same  soils  with  cement  admixtures  had  some- 
what higher  average  liquid  limits.  The  addi- 
tion of  cement  to  the  group  A-7-6  and  A-7-5 
soils,  which  had  average  liquid  limits  of  47 
and  53,  respectively,  resulted  in  average  liquid 
limits  between  36  and  40. 

The  average  plastic  limits  of  all  four  sub- 
grade  groups  were  increased  by  the  addition 
of  cement  except  in  the  case  of  the  group 
A-7-5  soils  with  3  and  5  percent  cement, 
where  a  slight  decrease  resulted.  In  all  cases, 
the  average  plasticity  indexes  of  the  soil- 
cement  mixtures  were  appreciably  less  than 
the  corresponding  average  values  for  untreated 
soil.  In  general,  the  greater  the  percentage 
of  cement,  the  greater  was  the  reduction  in  the 
plasticity  index,  although  the  addition  of  3 
percent  of  cement  produced  a  greater  change 
than  any  succeeding  increment. 

OBSERVATIONS  FROM  CONDITION 
SURVEYS 

Data  relative  to  the  service  behavior  of  the 
various  sections  following  construction  of  the 
bituminous  surface  were  obtained  in  six  sur- 
veys made  in  March  1939,  March  1940,  No- 
vember 1940,  February  1942,  May  1944,  and 
April  1946.  The  condition  at  the  time  of  the 
last  survey  is  shown  graphically  in  figure  7. 
Sections  having  the  same  cement  content  are 
grouped  together  in  this  figure  in  order  to 
facilitate  the  study  of  the  several  variable 
factors. 

The  survey  of  March  1939,  when  the  road 
was  about  7  months  old,  disclosed  no  base- 
course  defects  except  in  section  24  (3  percent 
cement)  where  a  75-foot  length  of  the  base 
was  destroyed  as  a  result  of  soft,  unstable 
subgrade  caused  by  seepage.  Surface  failures 
consisted  almost  entirely  of  peeling  and 
pitting  of  the  thin  bituminous  mat  and  some 
raveling  along  the  edges  of  the  surfacing. 
Unsatisfactory  drainage  caused  by  high 
shoulders  that  became  soft  and  deeply  rutted 
contributed  largely  towards  these  conditions. 
Surface  irregularities  and  defects  were  cor- 
rected by  the  bituminous  re-treatment  placed 
in  August  1939. 

The  shoulders  were  rutted  badly  at  the 
time  of  the  March  1940  inspection.  The 
surfacing  was  in  good  condition  throughout 
except  that  failures  were  beginning  to  occur  in 
the   sections    containing    3    percent    cement. 
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Figure  7. — April  1946  condition  survey;  sections  grouped  according  to  cement  content. 


The  survey  made  in  November  1940  revealed 
no  significant  change  in  the  condition  of 
the  pavement. 

The  February  1942  survey  showed  that 
after  3%  years  of  service  important  failures 
had  developed   in  the  sections  containing  3 
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percent  cement.  These  failures  consisted  of 
breakage  and  displacement.  Map  cracking 
was  developing  in  the  other  sections.  '1 
was  also  evidence  that  fill  settlement  was 
■  msible  for  some  of  the  cracking  thai 
occurred.      This    survey    was    made    approxi- 


mately   3    months    after    the    completion    of 
extensive  Army  maneu 

By    May    1944,    failures    had    increased    in 
number  and  nre:i  to  the  extent  that  I 
a  definite  indication  of  the  difference  in  per- 
formance of  the  various  sections.     Additional 
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Figure  8. — Pavement  performance:  (A)  Isolated  longitudinal  cracks;  (B)  isolated  transverse  cracks;  (C)  map  cracking  and  breakage;  and 

(D)  complete  failure. 


failures  occurred  between  the  surveys  of  May 
1944  and  April  1946  but  they  were  less  in 
number  and  degree  than  had  occurred  during 
the  previous  2  years.  Most  of  the  maintenance 
required  between  1944  and  1946  consisted  of 
repairing  previously  patched  areas  that  con- 
tinued to  break  up. 

The  varying  conditions  of  the  pavement, 
after  approximately  8  years  of  service  (fig.  7) , 
were  classified  into  four  groups  as  follows: 

Intact. — Areas  containing  no  cracks  or  fail- 
ures of  any  kind  were  classed  as  intact. 

Isolated  cracking. — Isolated  cracks  or 
cracked  areas,  indicating  displacement  but  no 
breakage,  are  illustrated  in  figure  8A  and  B. 
This  type  of  cracking  was  probably  the  result 
of  very  slight  displacement  produced  by  traffic 
or  by  volume  changes  in  the  base  and  sub- 
grade.  Transverse  cracks,  as  shown  in  figure 
8B,  were  evidently  caused  by  shrinkage  in  the 
base  or  subgrade,  or  both.  This  condition  did 
not  affect  the  riding  qualities  of  the  road.  It 
was  important  principally  because  of  the  fact 
that  additional  cracking  of  the  same  kind 
developed  into  areas  of  map  cracking. 

Map  cracking  and  breakage. — In  the  classi- 
fication of  map  cracking  and  breakage,  a  con- 
dition bordering  on  complete  failure  developed 
(fig.  8C)  but  was  not  classed  as  complete 
failure  because  displacement  was  not  in  evi- 
dence and  riding  qualities  were  not  impaired. 

Complete  failure. — Complete  failure  due  to 
breakage  and  base  displacement  is  illustrated 
in  figure  8D.  This  condition  included  all 
areas  where  the  surfacing  had  been  replaced 
by  patches  of  premixed  bituminous  materials. 
The  structural  weakness  of  the  base  at  these 
locations  was  demonstrated  by  the  continued 
breaking  up  of  the  patches.  Breakage  was 
accompanied  by  displacement  of  base  and 
surfacing  and  produced  a  rough  riding  surface. 

Figure  7  shows  general  relations  between 
the  condition  of  the  road  surface  and  character 
of  soil,  base  thickness,  cement  content  of  base, 
method  of  curing,  and  other  factors.  Many 
of  the  discrepancies  in  the  general  trends  are 
attributable  to  fill  settlement.  While  no 
measurements  of  subsidence  were  made,  the 
effects  of  fill  settlement  on  bridge  approaches 
were  observed  soon  after  the  road  surface  was 
constructed.  Later  surveys  indicated  that 
gradual  settlement  was  taking  place  in  all  the 


fills,  especially  those  over  10  feet  in  height, 
and  was  definitely  a  contributing  factor  in  the 
cracking  that  developed. 

Four  sections  were  constructed  with  3  per- 
cent cement  in  the  base  course.  One  of  these, 
section  24,  had  an  8-inch  base  course,  while 
in  the  remaining  three,  sections  7,  13,  and  17, 
the  thickness  of  the  base  was  6  inches.  These 
four  sections  were  continually  in  need  of  repair 
and,  as  shown  in  figure  7,  were  in  the  poorest 
condition  of  any  group  of  sections  on  the 
experimental  road  after  approximately  8 
years  of  service.  Unsatisfactory  service  was 
experienced  irrespective  of  the  type  of  soil 
from  which  the  base  was  constructed,  the 
method  of  curing  employed,  or  whether  the 
base  course  was  6  or  8  inches  thick.  Replace- 
ment of  the  surfacing  served  to  improve  con- 
ditions temporarily,  but  repeated  failures  in 
the  same  locations  proved  that  the  bases  in 
these  sections  were  structurally  inadequate. 

The  base  courses  of  sections  3,  8,  14,  18, 
and  21  contained  approximately  5  percent 
cement.  All  of  these  sections  had  a  designed 
base  thickness  of  6  inches  except  section  21, 
in  which  the  nominal  base  thickness  was 
4  inches.  The  condition  of  the  surface  on 
the  5  percent  soil-cement  base  courses  after 
8  years  of  service  was  better  than  that  on  the 
ones  containing  3  percent  cement.  However, 
as  shown  in  figure  7,  a  considerable  portion  of 
the  area  included  in  the  5  percent  sections  had 
failed  completely,  and  breakage  and  cracking 
occurred  in  many  locations.  Section  21, 
with  a  4-inch  base,  was  the  poorest  of  these 
sections.  .  Although  extensive  failures  oc- 
curred on  fills  in  this  section,  the  general  dis- 
tribution of  failures  indicates  base  weakness. 

The  full-width  failure  in  the  vicinity  of 
station  492  in  section  18  was  definitely  asso- 
ciated with  fill  settlement.  Otherwise,  this 
section,  built  on  group  A-5  and  A-6  subgrades 
with  group  indexes  generally  less  than  10, 
shows  only  a  moderate  amount  of  distress. 

Of  the  remaining  three  5  percent  sections, 
section  14,  built  largely  on  group  A-4  soils  and 
cured  with  an  emulsion  cover,  was  in  the  best 
condition  although  numerous  areas  of  isolated 
cracking  and  a  few  edge  failures  were  recorded. 
An  extensive  area  of  breakage  and  cracking 
occurred  in  the  vicinity  of  station  296  in  sec- 
tion 3,  on  group  A-7-6  soil.    The  condition  of 


section  8,  in  which  tar  was  used  as  a  curing 
aid,  was  comparable  to  that  of  section  3, 
which  had  been  allowed  to  cure  without  a  pro- 
tective cover. 

Base  courses  containing  approximately  7 
percent  cement  were  built  on  six  sections,  as 
shown  in  table  1  and  figure  7.  Extensive  edge 
failures  occurred  in  section  9,  cured  with  a 
tar  cover.  Otherwise,  areas  of  total  failure 
were  generally  of  smaller  extent  in  these 
sections  than  in  the  sections  with  the  same 
base  thickness  and  construction  variables  but 
with  3  and  5  percent  cement.  Little  differ- 
ence could  be  noted  in  the  amount  of  breaking 
and  isolated  cracking  that  occurred  in  the 
sections  with  7  percent  and  those  with  5  per- 
cent cement  base  courses. 

The  best  of  the  7  percent  sections  were 
section  15  (cured  with  an  emulsion  cover)  and 
section  22,  both  on  group  A-4  soils  with  rela- 
tively low  group  indexes,  and  section  1  on 
group  A-7-6  and  A-7-5  soils.  Section  1  was 
scarified  to  the  full  depth  of  6  inches  and  re- 
compacted  about  3  weeks  after  the  original 
construction.  A  considerable  amount  of 
cracking  and  breakage  occurred  in  section  19 
even  though  the  top  2  inches  of  the  base  course 
were  enriched  with  an  additional  6  percent  of 
cement  following  a  rain  during  construction 
which  interfered  with  proper  compaction.  The 
condition  of  section  4,  on  group  A-7-5  and 
A-7-6  soils  with  high  group  indexes,  was 
definitely  inferior  to  that  of  other  sections 
having  bases  of  the  same  cement  content  but 
soils  with  lower  group  indexes. 

Sections  2,  5,  10,  16,  20,  and  23  had  base 
courses  with  designed  cement  contents  of  9 
percent.  The  condition  of  these  sections  was 
generally  superior  to  corresponding  sections 
(those  having  similar  base-course  thicknesses, 
group  index  values,  and  methods  of  con- 
struction) having  lower  cement  contents. 
Large  areas  of  breakage  and  cracking  in  the 
vicinities  of  station  400  of  section  10  and 
stations  547  and  560  of  section  23  were  as- 
sociated with  fill  settlement. 

Sections  16,  20,  and  23,  constructed  on  the 
more  friable  soils  with  group  indexes  generally 
less  than  10,  were  in  better  condition,  except 
in  the  areas  of  fill  subsidence  previously  noted, 
than  the  remainder  of  the  9-percent  sections 
constructed  on  the  more  plastic  A-7-5  and 
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A-7-6  soils  with  group  indexes  generally 
above  10.  This  followed  the  general  trend 
observed  in  the  sections  that  have  already 
been  discussed. 

Section  2,  which  (like  section  1)  was  torn 
up  and  reconstructed,  was  superior  to  sections 
5  and  10,  which  were  also  on  soils  with  rela- 
tively high  group  indexes.  The  condition  of 
the  emulsion-cured  section  16  was  the  best  of 
any  of  the  sections  having  9  percent  soil- 
cement  bases,  following  another  trend  noted 
throughout  the  experiment. 

The  condition  of  section  6,  which  had  a 
base  course  with  a  designed  cement  content 
of  11  percent,  was  similar  to  that  of  the  adja- 
cent section  5,  with  9  percent  cement  and 
constructed  on  similar  subgrade  soils. 

Fill  settlement  was  largely  responsible  for 
the  failure  which  occurred  at  the  beginning  of 
section  11.  Otherwise,  sections  11  and  12 
were  in  very  good  condition  after  8  years  of 
service.  As  mentioned  previously,  no  at- 
tempt was  made  to  control  the  plasticity 
index  or  grading  of  the  mixtures  used  as  base 
courses  in  these  sections.  The  principal 
object  was  to  study  the  effect  of  screenings 
and  crushed  stone  when  used  in  amounts  equal 
in  cost  to  the  cost  of  cement  in  a  6-inch  base 
course  containing  9  percent  cement.  Although 
these  granular  mixtures  did  not  conform  to 
A.  A.  S.  H.  O.  specification  requirements  for 
base  courses,  the  performance  of  these  sec- 
tions, built  for  the  most  part  on  group  A-7-6 
and  A-7-5  soils  having  group  indexes  above 
10,  was  equal  to  the  best  of  the  cement  sec- 
tions. The  good  performance  of  these  sec- 
tions illustrates  the  benefits  to  be  derived  from 
granular  admixtures.  However,  it  should  not 
be  inferred  that  the  addition  of  crushed  stone 
and  screenings  in  the  amounts  used  in  this 
experiment  will  in  all  cases  result  in  trans- 
forming an  otherwise  unsatisfactory  soil  into 
a  stable  base  course.  The  construction  of 
granular  base  courses  without  adequate  con- 
trol of  gradation  and  plasticity  index  is  not 
advisable  and  is  not  considered  good  practice. 

SUMMARY 

It  is  believed  the  foregoing  discussion  pre- 
sents information  that  may  be  generally 
applicable  to  the  design  and  construction  of 


soil-cemeiii  bases.  However,  no  attempt  i- 
made  to  draw  broad  conclusions  since  the 
results  of  one  experiment  of  this  character  do 
not  justify  it.  Instead,  the  information 
gathered  from  laboratory  tests  and  observa- 
tion of  the  behavior  of  the  experimental 
tions  of  roadway  is  presented  in  summary 
form. 

1.  Portland  cement  was  effective  in  chang- 
ing the  physical  characteristics  of  the  soils 
occurring  on  the  roadway  when  present  in  the 
proportions  used — from  3  to  11  percent. 

2.  In  general,  if  the  liquid  limits  of  the  raw 
soils  were  above  40  the  addition  of  cement 
decreased  this  value,  while  if  the  liquid  limits 
of  the  soils  were  below  40  the  addition  of 
cement  resulted  in  a  higher  liquid  limit  (table 
7).  The  plastic  limits  were  with  few  excep- 
tions increased  by  the  addition  of  cement  and 
in  all  cases  a  cement  admixture  produced  a 
decrease  in  the  plasticity  index.  Based  on 
the  average  values,  the  addition  of  11  percent 
cement  produced  a  nonplastic  mixture  with 
the  inure  plastic  group  A-7-6  and  A-7-5  soils, 
while  7  percent  cement  was  sufficient  to  reduce 
the  group  A-4  soils  to  a  nonplastic  condition 
as  shown  in  table  7. 

3.  The  addition  of  cement  increased  the 
durability  of  soils  of  the  four  groups  en- 
countered when  subjected  to  either  wetting 
and  drying  or  freezing  and  thawing  ' 
(table  3).  Generally,  the  higher  the  group 
index,  the  greater  the  amount  of  cement 
required  to  produce  equal  durability. 

4.  A  cement  content  of  3  percent  did  not 
impart  to  any  of  the  soils  encountered  the 
stability  required  for  a  satisfactory  base 
course  (fig.  7).  Increasing  the  base  thickness 
from  6  to  8  inches,  as  in  section  24,  did  not 
materially  improve  the  performance  of  the 
3  percent  soil-cement  mixture  as  a  base  course. 

5.  The  performance  of  sections  with  higher 
cement  contents  in  the  base  courses  was  supe- 
rior to  those  having  only  3  percent  of  cement. 
For  comparable  sections,  i.  e.,  those  having 
similar  base-course  thicknesses,  group  index 
values,  and  methods  of  construction,  there 
was  a  definite  trend  toward  better  perform- 
ance with  increasing  cement  contents  (fig.  7). 

6.  For  equal   cement    contents,    and   di 
garding  areas  of  fill  subsidence,  the 
constructed    on   the    more    friable   soils    with 


group  indexes  of  10  or  less  were  generally  in 

better  condition  after  8  vice  than 

■■  constructed  on  the  more  plastic  A 

:   •     oils  with  tcroup  indexes  over  10. 
For  example,  coin]  16  and  20  with 

sections  2,  5,  and  10,  in  figure  7. 

il-cement  base  courses  4  inches  thick, 
and  having  cement  contents  of  5,  7,  or  9  per- 
cent,  were  not    adequate  on  any  of  the 
encountered  for  the  volume  of  traffic  carried 
by  this  highwa 

8.  Gradual  failure  of  soil-cement 
courses  6  inches  thick  and  with  cement  con- 
tents as  high  as  11  percent  was  experienced  on 
this  road  on  group  A-7-5  ad  A-7-1 
particularly  if  the  group  index  of  t  he  soil  ex- 
ceeded 10.  For  the  same  volume  of  traffic 
(approximately  500  vehicles  per  day. 

■  f  which  was  of  the  commercial  t ;. 
soil-cement  ba  hick  and 

containing  9  percent  cement,  appeared  to  be 
adequate  on  the  more  friable  soils  whose  group 
indexes  were  10  or  less. 

9.  The  use  of  curing  aids  on  the  soil-cement 
base  during  the  hardening  period  appears  I 

In  this  experiment,  the  cmul- 
cured  sections  were  among  the  best   of  r 

and  in  every  case  were  superior 
to  comparable  sections  cured  with  tar.  Coin- 
pan  7,  8,  9,  and  10  with  sections  13, 
14,  15,  and  16,  in  figure  7. 

10.  The  performance  of  sections  1  and  2  in- 
dicates that  the  altered  physical  properties 
of  the  soil  produced  by  the  addition  of  cement 
is  a  major  contributing  factor  in  the  suci 

of  the  soil-cement  type  ba 
sections,    constructed    on   groups    A-7-5   and 
A-7-6    soils    with    group    index  rally 

greater  than  10,  gave  comparatively  Rood  re- 
under   service    conditions    although    the 
hard'  course  had  been  torn  up,  pul- 

verized, and  recompacted  3  weeks  after  it 
originally  constructed  I  ompare  section-  1 
ions  1  and  5,  in  figure  7.  After 
pulverizing,  the  cement-treated  .-oil  was  very 
to  reprocess  with  water  and  was  similar 
to  a  friable  sand-clay  in  workability. 

11.  Sections  11  and  12,  whos< 

lined  admixtures  of  granular  material 
without  the  addition  of  cement,  gave  service 

1  to,  if  not  better,  than  any  of  the  soil- 
cement  base-course  Beet 


The  National  System  of  Interstate  Highways 


The  National  System  of  Interstate  High- 
ways (see  map,  p.  20),  selected  by  the  State 
highway  departments  in  cooperation  with  the 
Public  Roads  Administration,  was  approved 
by  Maj.  Gen.  Philip  B.  Fleming,  Federal 
Works  Administrator,  on  August  2,  1947.  In 
recommending  routes,  the  States  were  gov- 
erned by  the  Federal-aid  Highway  Act  of  1944 
which  provided  for  the  designation  of  a 
40,000-mile  system  connecting  the  principal 


centers  of  the  country  and  serving  the  national 
defense. 

The   system    as   approved    contains    1 
miles  of  the  principal  highways,  in- 

cluding 2,882  miles  of  urban  thoroughfa 
It  reaches  42  S 

the  199  cities  with  population  of  50,000  or 
more.  All  routes  not  already  included  in  the 
Federal-aid  highway  system  are  automatically 
added  thereto  by  law. 

Rural  sections  of  the  in'  I  com- 


prise only    1.1  of  all  rural  reads  but 

carry  20  percent  of  all  rural  traffic, 
traffic    in    1941    on    the   rural   portio' 
network  lay,  as  i 

pared  with  '.'7  te  highwa; 

<:ds  for  1  : 

by  the  America     v  -         Highway 

Officials   rail    for  four-lane   divided   highv 
wherever  traffic  is  800  more  in 

peak    hours.     Control   of  access,    particularly 
in  and  near  cil  ial. 
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A  Cooperative  Study  of 


The  Hytyla  Valley  bituminous  pavement  f<--/  track 


Structural  Design  of  Nonrigid  Pavements 


This  article  serves  as  an  introduction  to 
the  cooperative  investigation  of  the  struc- 
tural design  of  non rigid  pavements.  The 
participating  agencies  have  embarked  on  an 
extensive  series  of  experiments  that  will 
result  in  the  collection  of  a  large  body  of 
important  data  and,  it  is  hoped,  in  the 
development  of  significant  conclusions  of 
great  value. 

The  principal  objectives  of  the  investigation  include  development  of  the  load- 
supporting  values  of  nonrigid  pavements  by  full-scale  field  tests,  correlation  of  these 
data  with  laboratory  tests  to  determine  whether  the  latter  can  be  used  alone  in  the 
design  of  pavement  thickness,  and  correlation  of  the  data  with  in-place  determina- 
tions of  various  values  of  the  base-course  and  subgrade  components. 

As  the  investigation  advances  it  is  anticipated  that  a  series  of  articles  will  be  pub- 
lished to  report  the  progress  o  the  work,  the  data  collected,  and  the  conclusions 
drawn  therefrom.  This  introductory  article  provides  a  description  of  the  investi- 
gation, its  purposes,  and  methods  of  procedure,  and  will  serve  as  background  for  the 
articles  to  come. 


THIS  paper  is  an  initial  progress  report  of 
the  investigation  of  nonrigid  pavemenl 
design  being  undertaken  as  a  cooperative 
project  by  the  Highway  Research  Board, 
the  Asphalt  Institute,  and  the  Public  Roads 
Administration.  The  phase  of  the  investi- 
gation covered  in  this  report,  dealing  with  the 
construction  and  testing  of  experimental 
sections  of  pavement,  was  planned  and  begun 
during  the  war  period  at  a  time  when  it  was 
difficult  to  achieve  and  maintain  a  normal  rate 
of  progress.  While  some  preliminary  data 
of  a  highly  significant  character  have  already 
been  secured,  the  present  discussion  is  con- 
cerned primarily  with  a  detailed  description 
of  the  project.  Included  is  a  statement  of 
objectives,    a    discussion    of    the    methods   of 
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approach,   a  descriptive  account   of  the 
struction  (if  the  tesl  pavement,  and  finally  a 
statement   dealing   with    the  development  of 
tesl  apparatus  and  testing  techniques. 

Interest  in  the  problems  of  structural  design 
of  the  bituminous  or  nonrigid  pavemenl  grew 
enormously    during    the    war    period.      To 
di   ermine  how   thick  such  pavemet 
be  to  accommodate-  li.-.i\\  airplam      research 
work  of  a  scope  thai   would  nevi 
considered  ft  asible  in   peacel  ime   ivas   under- 
taken.    Most  of  the  work  was  carried 
the  supervision  of  engineers  of  the  War  and 
Navj   Departments,    [n  spite  of  the  fad  that 
much  of  the  work   had  to  be  planned  and 
executed    in    as    short    a    period    of    time    as 
possible,  Tti l  and  pertinent 
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information  was  developed.     It  has  serve 
bring  about  a  much  cli  f  the 

problem  and  has  resulted  in  the  development 
of  several  methods  of   thic  k  -ign   that 

have  considerable  merit. 

The  scope  of  the  present  cooperative 
investigation  is  sufficiently  comprehensive  to 
permit  examination,  study,  and  intcrcorrela- 
tion  of  all  known  theories  and  methods  of 
design. 

The  principal  objectives  of  the  investigation 
include: 

1.  Ti  ipment,  by  means  of  bearing 
and    moving-wheel    load    tests    on    full 

■    ions  in  the  field,  of  fundamental 
i  on  the  lo  orting  value  of  nonrigid 

■  ;nent  surfacings  of  various  thict 
combi    B  with    various   base-course   thick- 

of  subgrade  support. 

2.  The  correlation  of  the  field  data  with 
appi  itorj    tests  for  the  pur] 

lining   n  nether  or  not    ti-~t-  of  the 
>    nature   may   subsequently  !   by 

themselves  as  a  basis  for  a  sound  method  for 
the  design  of  the  thickness  of  the  p.! 

I{.   The  correlation  of  the  field  data  with  in- 
place  determit  f  the  density.   ■ 
content,  California  bearing  -  I   North 

and 
subgrade  coin; 
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Figure  1. — Aerial  view  of  the  oval  test  track  with  one  tangent  paved.     The   auxiliary  test 
pavement  is  at  the  left  of  the  approach  road. 


DESCRIPTION     OF     TEST     PAVEMENT 
SECTIONS 

The  sections  of  test  pavement  were  built 
outdoors  with  standard  highway  construction 
equipment.  They  are  arranged  in  the  form 
of  an  oval  test  track  having  two  parallel 
tangents  800  feet  in  length  connected  at  each 
end  by  a  circular  curve  of  200-foot  radius. 
The  test  sections  themselves  are  confined  to 
the  tangents  of  the  track,  the  connecting 
curves  serving  as  a  means  of  travel  for  the 
vehicles  that  will  be  used  to  apply  moving 
loads  to  a  portion  of  the  width  of  the  pave- 
ment. 

The  site  of  the  experiment  is  near  Hybla 
Valley,  Va.,  on  a  tract  of  Government-owned 
land  adjacent  to  U  S  Route  1  about  10  miles 
south  of  Washington,  D.  C.  Views  of  the 
test  area  are  shown  in  figure  1  and  in  the 
illustration  at  the  top  of  page  21.  The 
exact  location  for  the  track  was  selected  after 
making  a  very  thorough  soil  survey  of  the 
entire  tract.  While  this  survey  revealed  the 
presence  of  a  fairly  uniform  soil  formation 
throughout  the  location  selected,  it  was  de- 


cided to  take  every  reasonable  precaution  to 
insure  having  a  homogeneous  subgrade  on 
which  to  lay  the  test  pavement.  This  was 
accomplished  by  building  embankments  of  a 
selected  soil  to  a  height  of  5  feet  on  the  line 
of  the  tangents  of  the  track.  The  equipment 
and  methods  used  in  the  placement  of  the 
embankments  are  described  later  in  this  re- 
port. The  moisture  content  of  the  soil  was 
controlled  within  a  selected  range,  and  the 
material  was  compacted  to  a  specified  density. 
The  plan  and  profile  of  the  completed  test 
pavement  on  the  north  tangent  of  the  oval 
track  are  shown  in  figure  2.  The  pavement 
consists  of  four  sections,  each  200  feet  in 
length  and  44  feet  in  width.  The  thickness 
of  the  base  course,  as  indicated,  ranges  from 
6  to  24  inches.  The  pavement  is  divided  trans- 
versely into  three  lanes,  the  outer  two  being 
16  feet  in  width  and  the  center  12  feet.  The 
thickness  of  the  bituminous  surface  in  the 
outer  lanes  is  3  inches  and  that  of  the  center 
lane  varies,  half  (100  feet)  of  each  section 
being  6  inches  and  half  9  inches  thick.  Later 
on  in  this  report  factual  data  are  presented 


relative  to  the  design  and  composition  of  the 
base  course  and  bituminous  surface. 

In  planning  the  investigation  as  a  whole, 
it  was  recognized  that  a  considerable  amount 
of  exploratory  work  would  have  to  be  done  in 
the  development  of  test  equipment  and  in  the 
standardization  of  methods  of  load  testing  as 
well  as  of  sampling  and  testing  the  different 
pavement  components.  This  work  necessi- 
tated the  construction  of  a  preliminary  or 
auxiliary  test  pavement  on  which,  to  date,  a 
great  variety  of  work  of  an  exploratory  nature 
has  been  conducted. 

The  plan  and  profile  of  the  auxiliary  pave- 
ment are  shown  in  figure  3.  The  total  length 
of  this  pavement  is  300  feet.  It  consists  of 
three  sections,  the  base  and  surface  course 
thicknesses  of  which  are  indicated  on  the 
figure. 

CONSTRUCTION  OF  TEST  PAVEMENTS 

The  auxiliary  and  oval  test  track  pavements 
were  built  in  an  area  containing  soils  of  about 
the  same  physical  characteristics.  Tables  1 
and  2  indicate  typical  compaction  and  bear- 
ing test  data  of  the  natural  earth  subgrade 
used  for  the  auxiliary  test  pavement  and  of 
the  selected  earth  borrow  used  for  the  con- 
struction of  the  800-foot  tangents  of  the  oval 
test  track.  Typical  test  constants  of  the 
soils  were  as  follows:  , 

Mechanical  analysis: 

passing  No.  10  sieve_percent-_  100 

passing  No.  40  sieve do 95 

passing  No.  200  sieve.. do 71 

Liquid  limit 51 

Plasticity  index 27 

Shrinkage  ratio 1.  9 

Shrinkage  limit 15 

Centrifuge  moisture  equivalent 35 

Field  moisture  equivalent 30 

Specific  gravity 2.  76 

Although  the  soils  used  for  the  subgrades 
of  these  test  pavements  were  quite  similar,  the 
method  of  design  and  construction  was  dif- 
ferent. The  subgrade  of  the  tangents  of  the 
oval  test  track  (fig.  2)  was  built  as  an  em- 
bankment; the  subgrade  of  the  auxiliary  test 
pavement  (fig.  3)  was  constructed  as  an  all  cut 
section  in  the  undisturbed  soil. 

The  embankments  on  the  oval  track  are  5 
feet  high  and  were  built  with  selected  earth 
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(Left)  Figure  2. — Plan  and  profde,  tangent  section  of  oval  test 
track  pavement. 

(Above)   Figure  3. — Plan  and  profile,   auxiliary    test  pavement. 
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Figure  t. — Construction  .-;;/,,  test  tracks: 
(  \  )  Building  the  oval  track  embankment; 
(H)  mixing  base-course  materials  for  //«. 
auxiliary  track;  (C)  spreading  base- 
course  materials  on  th<>  oval  track;  (I)) 
priming  the  '«!><•  course;  and  (E)  laying 
the  bituminous  surface. 


yupyM 
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Table  1. — Typical  compaction  data  of  sub- 
grade  soil  for  test  pavements 


Test  method 

Optimum 
moisture 

Maxi- 
mum dry 
density 

Standard  A.  A.S.H.  0. 

Army:  ■ 

Percent 
19.6 

14.4 
13.3 

Lb.  per 
en.  ft. 
105.1 

120.0 

119.8 

1  Method  described  in  U.  S.  Engineer  Manual,  March  1943. 

2  25  blows  per  layer.  3  56  blows  per  layer. 


borrow  compacted  in  4-inch  layers  to  at  least 
95  percent  of  standard  A.A.S.H.O.  maxi- 
mum density  at  moisture  contents  less  than  2 
percent  above  the  optimum.  The  subgrade 
of  the  auxiliary  test  pavement  consisted  of  the 
natural  subgrade  with  the  upper  9-inch  layer 
manipulated  and  compacted  to  the  same  mini- 
mum compaction  requirements  specified  for 
the  embankments  of  the  oval  track. 

The  field  control  of  the  subgrade  compaction 
consisted  of  making  moisture  tests  of  soils 
before  rolling,  and  in-place  density  and  mois- 
ture tests  after  compaction.  Tests  were  made 
for  each  400  cubic  yards  of  material  com- 
pacted; and  whenever  areas  were  found  to  have 
less  than  the  required  density  they  were  re- 
worked and  recompacted  until  satisfactory 
in-place  densities  were  obtained. 

In  general,  the  moisture  content  of  the 
natural  soils  was  slightly  above  that  required 
for  satisfactory  compaction.  The  excess  soil 
moisture  was  removed  during  the  manipula- 
tion operation  before  starting  the  compaction. 
The  placement,  manipulation,  and  compaction 
operations  were  planned  so  that  a  4-inch  layer 
of  soil  could  be  placed  over  the  entire  length 
and  width  of  the  800-foot  tangent  during  each 
day  of  construction. 

Several  precautions  were  taken  to  avoid 
construction  delays  induced  by  adverse 
weather  conditions.  Before  completing  each 
day's  work  the  surface  of  the  embankment 
was  shaped  with  motor-patrol  graders  and 
rolled  with  a  pneumatic-tire  roller  to  mini- 
mize any  ponding  of  water  on  the  embankment 
in  the  event  of  a  rain.  Likewise,  the  selected 
earth  borrow  area  was  graded  and  maintained 
free  from  surface  irregularities  to  avoid  pond- 
ing of  water.  The  selected  earth  borrow  was 
removed  in  shallow  layers  by  pan  scrapers 
along  the  line  of  the  prevailing  ground  slopes, 
and  drainage  ditches  were  maintained  to  insure 
adequate  drainage  of  the  borrow  area. 

After  the  subgrades  for  both  test  pavements 
were  completed  they  were  shaped  and  rerolled 
to  the  alinement  and  cross  sections  designated 
by  the  plans.  During  the  course  of  the  con- 
struction of  these  test  pavements  it  was  found 
necessary  to  finish  the  auxiliary  test  pavement 
prior  to  the  completion  of  the  oval  test  track. 
Certain  experimental  design  data  on  pavement 
thickness,  compaction  of  the  stabilized  ag- 
gregate base  course,  and  probable  performance 
of  the  bituminous  wearing  course  under  static 
loading  were  needed  to  plan  the  final  design  of 
the  base  and  wearing  courses  for  the  800-foot 
tangents  of  the  oval  test  track.  The  auxiliary 
test  pavement  designed  for  this  preliminary 
study  was  constructed  with  4-,  8-,  and  12-inch 
base  courses  with  several  different  thicknesses 
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Table     2.— Typical    bearing     test    data     of 
subgrade  soil  for  test  pavements 


Table   3. — Design    characteristics    of  stabi- 
lized aggregate  base  courses 


Method 

Bear- 
ing 

ratio 
after 
im- 
mer- 
sion ! 

Dry 
den- 
sity 

Mois- 
ture 
con- 
tent 2 

Mois- 
ture 
con- 
tent 

of  top 
inch 

Vol- 
ume 
change 
after 

96 
hcuis 

Armv ... 

California 

Per- 
cent 
2.0 
2.0 

Lb.  per 

cu.  ft. 

106.3 

112.1 

Per- 
cent 
21.8 
18.4 

Per- 
cent 
3  30.0 
3  28.7 

Per- 
cent 
2.0 
13.5 

i  Bearing  ratio  at  0. 1-inch  penetration. 

2  Based  on  dry  weight.  3 10-pound  surcharge. 


of  bituminous  wearing  courses,  as  shown  in 
figure  3. 

The  stabilized  aggregate  mixture  used  for 
the  base  course  of  the  auxiliary  test  pavement 
was  designed  to  conform  with  the  A.  A.  S.  H.  O. 
B-l  grading  specifications  for  stabilized 
aggregates.  In  the  case  of  the  oval  test  track, 
however,  this  specification  was  modified  to 
permit  the  use  of  commercial  coarse  aggregate 
containing  a  slight  amount  of  oversize  ma- 
terial (passing  lj^-inch  sieve,  retained  on 
1-fnch  sieve).  Table  3  indicates  the  design 
characteristics  of  the  stabilized  aggregate 
base-course  mixtures  for  both  test  pavements. 

These  stabilized  aggregate  mixtures  were 
prepared  by  blending  commercial  coarse  and 
fine  aggregates  on  a  weight  basis  at  the 
aggregate  plant.  After  the  preweighed  batches 
of  aggregates  were  hauled  to  the  project  site, 
pulverized  binder  soil  was  added  to  each  batch 
from  a  proportioning  bin  and  the  materials 
were  uniformly  mixed  in  a  concrete  paving 
mixer.  The  moisture  necessary  for  proper 
compaction  was  added  during  the  mixing 
operations.  In  the  construction  of  the 
auxiliary  test  pavement,  the  mixer  was  oper- 
ated at  a  fixed  location  and  the  mixed  material 
w?as  hauled  to  the  site  in  trucks.  On  the  oval 
test  track,  the  mixer  operated  and  discharged 
directly  on  the  embankment  subgrade. 


Specifica- 
tion limits  i 

Auxili- 
ary 
pave- 
ment 
base 

course 2 

Oval 

test 
track 

base 
course  2 

Percent  passing  sieve  size: 

1^  inch 

1  inch    

100 

100 

70-100 

50-80 

35-85 

25-50 

15-30 

5-15 

25  max 

6  max 

100 

99 

90 

67 

56 

47 

24 
9.5 

17 

4 

130 

13 

100 
95 

Yi  inch 

85 

3,i  inch 

No.  4 

No.  10 

67 
55 
40 

No.  40.. 

No.  200 

Liquid  limit. 

Plasticity  index 

In-place  density  3 

20 

6 

17 

3 

136 

Number  tests  averaged 

7C 

1  A.  A.  S.  H.  O.  stabilized  aggregate  base-course  specifica- 
tion B-l. 

2  Average  of  all  tests. 

3  Dry  density  in  pounds  per  cubic  foot. 

The  stabilized  aggregate  base  courses  were 
built  using  standard  construction  procedures. 
The  material  was  spread  in  3-inch  layers  and 
compacted  by  means  of  smooth-face  and 
pneumatic-tire  rollers  until  the  required 
density  was  obtained. 

The  essential  differences  between  the  base 
courses  of  the  auxiliary  test  pavement  and 
the  oval  test  track  were  in  the  thickness  and 
compaction  requirements.  The  base  course 
of  the  auxiliary  test  pavement  was  compacted 
to  an  in-place  dry  density  of  130  pounds  per 
cubic  foot  and  was  built  in  three  thicknesses — 
4,  8,  and  12  inches.  The  base  course  for  the 
north  800-foot  tangent  of  the  oval  test  track 
was  compacted  to  an  in-place  dry  density 
of  136  pounds  per  cubic  foot  and  was  con- 
structed in  four  thicknesses — 6,  12,  18,  and 
24  inches. 

The  asphaltic  prime  coat  which  was  applied 
to  the  surface  of  the  completed  base  course 
was  the  same  for  both  test  pavements.  MC-1 
was  applied  at  a  rate  of  0.25  gallon  per  square 
yard.      The    bituminous    concrete   pavement 


Table  4. — Bituminous  mixture  specifications  for  the  test  pavements 


Constituent 


MINERAL  MATTER: 
Coarse  aggregate:  2 

Passing  lK-in.  sieve,  retained  on  l^n... 
Passing  lH-in.  sieve,  retained  on  ?4-in.. 

Passing  1-in.  sieve,  retained  on  >4-in 

Passing  8.4-in.  sieve,  retained  on  %-in... 
Passing  ?4-in.  sieve,  retained  on  No.  4... 
Passing  %-in.  sieve,  retained  on  No.  4... 
Passing  No.  4  sieve,  retained  on  No.  10. 


Subtotal 

Fine  aggregate: 3 

Passing  No.  10  sieve,  retained  on  No.  40. . 

Passing  No.  40  sieve,  retained  on  No.  80.. 

Passing  No.  80  sieve,  retained  on  No.  200. 

Passing  No.  10  sieve,  retained  on  No.  200. 
Mineral  filler  passing  No.  200  sieve 


Subtotal- 


Total  mineral  matter. 


TOTAL  MIX: 

Mineral  aggregate.. 
Asphaltic  cement  *. 


Total  . 


Auxiliary 
test  pave- 
ment A-2  i 


Percent 
0-  5 


15-25 
20:35 


60-70 


25-35 
4-  6 


30^0 


100 


92-95 
5-  8 


100 


Oval  test  track 
pavement 


Binder 
A-2-a  II  i 


Percent 


14-48 
""3-45' 


5-15 


55-75 

3-21 
6-25 
3-16 


100 


93-95 
5-  7 


100 


Surface 
A-2-aiv  1 


Percent 


18-50 


3-36 
9-22 


50-65 

5-22 
9-27 
5-18 


5-  8 


35-50 


100 


92-94 


100 


1  Asphalt  Institute  dense  graded  aggregate  specification,  hot-mix  type. 

2  Crushed  limestone. 

3  Natural  river  sand. 

*  Asphaltie  cement,  85-100  penetration,  Federal  specification  SS-A-706-b. 
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Figure  .5. — Relation  between   weather  conditions  and  strength,  density,    and    moisture 
content  of  subgrade  under  base  courses. 


was  placed   after   the  prime   coat  had   been 
thoroughly  cured. 

The  bituminous  concrete  paving  mixtures 
used  on  the  auxiliary  pavement  and  on  the 
oval  track  were  of  the  hot  plant-mixed  type 
conforming  to  the  design  requirements  usually 
specified  for  highway  construction.  Table  4 
gives  the  specification  requirements  of  the  two 
paving  mixtures.  The  placement  and  com- 
paction operations  were  similar  to  those 
recommended  for  highway  construction  of  this 
pavement  type.  Typical  views  of  the  con- 
struction of  the  auxiliary  and  oval  track 
pavements  are  shown  in  figure  4. 

SUBGRADE    STUDIES    OF    AUXILIARY 
TEST  PAVEMENT 

A  limited  study  of  the  behavior  of  the 
subgrade  beneath  the  base  course  of  the  aux- 
iliary test  pavement  was  made  to  investigate 
the  effect  of  the  climatic  factors — rainfall  and 
temperature — upon  subgrade  strength  (max. 
V—  L),1  density,  and  moisture  content.  The 
initial  work  was  confined  for  the  most  part  to 


i  The  subgrade  strength  (max.  V—L)  as  used  in  this 
study  refers  to  the  maximum  dilTrrence  between  the  vertical 
and  lateral  pressures  as  measured  by  the  triaxial  compres- 
sion test 


study  of  tlic  behavior  of  the  9-inch  compacted 
layer  of  soil  directly  beneath  the  base  course. 
However,  at  periodic  intervals  the  moisture 
gradient  was  determined  for  the  natural  soil  to 
a  depth  of  approximately  36  inches,  in  order 
to  obtain  relative  data  for  comparison  of 
moisture  movements  at  various  elevations 
within  the  zone  that  might  be  influenced  by 
the  proposed  plate  loading  of  the  test 
pavement. 

The  variations  in  strength,  density,  and 
moisture  content  of  the  9-inch  compacted 
subgrade  layer  are  shown  in  figure  5.  A 
comparison  of  these  data  show  the  following 
trends: 

1.  The  strength  (max.  V—L)  varies  di- 
rectly as  the  density  and  inversely  as  the 
moisture  content  of  the  30HL 

2.  The  moisture  content  gradually  increases 
wiili  time  and  with  the  seasonal  drop  in  aver- 
age daily  temperature. 

3.  Minor  variations  in  strength,  density, 
and  moisture  content  appear  to  be  related  to 
the  monthly  fluctuations  in  the  climatic 
factors— temperature  and  rainfall. 

The  general  relations  between  these  varia- 
bles were  obtained  from  the  averaging  of  a 
number    of    individual  ilts.      Figures 


Table  5. — Seasonal  variations  in  subgrade  moisture,  density,  and  strength  under  the  t-inch 

base  of  the  auxiliary  test  jxivetnent  ' 


Typo  of  test 


Number  of  tests  averaged 

Average  moisturo I" 

Average  drv  density. - lb.percu.it- 

\\r,    VJ,      II        Ml      Mil       I     -      /  I;.," 

Average  saturation - percent 


of  tests,  1945-40— 


Julv 
10-15 


20.0 
89 


3 
21.7 

103.3 
5.8 
91 


Nov. 


2 

- 

95.0 

3.5 


Jan. 

lii-ll 


Mir. 
4 


4 

4.7 


i  All  tests  were  sampled  from  an  area  approximately  55  feet  in  length. 
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{triaxial  compression)  to  density. 

(>  and  7  indicate  the  relations  of  the  average 
strength  (max.  V—L)  to  the  dry  density  and 
to  the  moi>ture  content  of  the  compacted 
9-inch  subgrade  layer. 

The  relations  of  average  modulus  of  elastic- 
ity of  the  subgrade  soil,  calculated  from  the 
triaxial  compression  test  data,  to  moisture 
content  and  to  density  of  the  subgrade  are 
shown  in  figure  8.  The  modulus  \ 
directly  as  the  density  and  inversely  as  the 
moisture  content  of  the  subgrade. 

The  average  seasonal  strength  (max.  V—L), 
density,  and  moisture  content  of  the  soil  in  the 
9-inch  compacted  layer  for  several  seasons  of 
the  year  are  tabulated  in  table  5.  A  study 
of  these  data  show  that  the  strength  of  the 
soil  varies  with  the  seasons,  being  lowest 
during  the  winter  and  highest  in  the  summer. 
The  strength  varies  inversely  and  the  density 
directly  with  the  moisture  content  of  the  Boil. 
The-'  seasoi  til  variations  emphasize  the 
of  planning  comparative  pavement-evaluation 
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Figure  8. — Relation  of  modulus  of  elasticity  to  moisture  content  and 
density  of  the  auxiliary  test  track  sub  grade. 


tests  so  that  they  can  be  made  during  periods 
when  the  climatic  factors  are  uniform.  Ad- 
verse changes  in  climate  affect  the  strength 
of  both  the  subgrade  and  the  pavement. 
Both  of  these  strength  values  must  be  con- 
sidered in  the  evaluation  of  pavement  test 
data. 

The  periodic  variations  in  subgrade  moisture 
content  at  several  elevations  below  the  three 
thicknesses  of  the  base  course  of  the  auxiliary 
test  pavement  are  shown  in  table  6.  A  study 
of  these  data  shows  that  there  appear  to  be 
both  horizontal  and  vertical  fluctuations  in  the 
subgrade  moisture  content  found  beneath 
the  base  course.  Reversals  in  the  moisture 
contents  at  various  elevations  seem  to  occur 
for  no  apparent  reason.  Perhaps  minor  varia- 
tions in  texture  or  structure  of  the  undis- 
turbed soil,  in  the  form  of  thin  lenses  of  silt 
and  fine  sand  or  seepage  planes,  may  be  one 
of  the  causes  for  the  erratic  fluctuations  in 
the  subgrade  moisture  content  beneath  the 
test  sections. 

It  was  noticed  during  field  examinations  of 
the  general  area  that  in  some  instances,  during 
the  spring  season,  auger  holes  gradually  filled 
with  free  water  even  though  no  rain  fell  during 
the  period  between  making  the  auger  holes 
and  the  observation  of  the  free  water.  In  the 
area  in  which  the  auxiliary  pavement  was  built, 
there  was  a  definite  relation  between  periods  of 
heavv  rainfall  and  the  elevation  of  free  water 


in  the  test  pits  dug  in  the  construction  area- 
Subgrade  conditions  similar  to  those  found 
in  the  area  under  the  auxiliary  test  pavement 
should  not  occur  beneath  the  800-foot  tangents 
of  the  oval  test  track  because  the  subgrade  of 
the  latter  is  a  fill  section,  composed  of  soils 
that  were  uniformly  mixed  and  compacted  to 
a  depth  of  5  feet  to  minimize  moisture  vari- 
ations resulting  from  the  change  in  texture 
or  structure. 

A  16-point  automatic  temperature  recorder 
will  be  installed  in  the  subgrade,  base  course, 
and  bituminous  pavement  of  the  oval  test 
track  to  measure  the  variations  in  temper- 
ature at  various  elevations  below  the  surface 
of  the  pavement.  These  continuous  records 
of  temperature  will  be  used  to  study  the 
insulation  effect  of  the  various  thicknesses  of 
pavement  as  well  as  to  furnish  temperature 
data  for  use  in  the  correlation  of  the  pavement 
evaluation  work. 

LOAD-BEARING  SURFACES 

In  connection  with  the  load  testing  of  non- 
rigid  pavements  it  was  recognized  that  the  use 
of  rigid  plates  would  cause  stresses  in  the 
pavement  structure  radically  different  in 
character  from  those  produced  by  pneumatic 
tires.  The  reason  for  this  is  that  the  material 
beneath  a  rigid  plate  must  displace  equally  at 
all  points  even  though  the  resistance  offered  to 
displacement  is  not  uniform.     In  a  cohesive 


material,  such  as  a  bituminous  pavement,  the 
resistance  to  displacement  will  be  greater  at 
the  boundaries  of  the  load-bearing  surfaces 
and  less  in  the  central  portion.  Consequently 
the  contact  pressure  that  will  develop  beneath 
the  peripheral  area  of  a  rigid  plate  as  it  is 
forced  into  a  bituminous  pavement  may 
exceed  greatly  that  beneath  the  central  portion 
of  the  plate.  Under  a  pneumatic  tire  the 
situation  is  quite  different.  Here,  because  the 
tire  can  undergo  a  change  in  shape  without  a 
significant  change  in  its  pressure-distribution 
pattern,  the  material  being  loaded  will  tend 
to  deform  in  a  natural  manner. 

The  use  of  tires  themselves  as  static  load- 
bearing  surfaces  was  not  considered  feasible 
(1)  because  the  contact  area  does  not  remain 
constant  but  increases  with  load,  (2)  because 
of  the  physical  difficulty  of  measuring  the 
deflection  of  the  material  being  tested,  and 
(3)  because  tests  are  to  be  made  on  the  base- 
course  and  subgrade  components  of  the  pave- 
ment, and  the  opening  to  accommodate  the 
tire  would  have  to  be  larger  and  of  a  more 
irregular  shape  than  desired. 

Thus,  one  of  the  important  instrumental 
problems  was  the  development  of  a  type  of 
load-bearing  surface  that  would  simulate  the 
action  of  a  tire  and  yet  have  none  of  its  un- 
desirable physical  characteristics. 

In  the  development  work  on  this  problem 
it  was  necessary  to  study  the  pressure  distri- 
bution characteristics  of  a  variety  of  materials. 
A  special  pressure-indicating  apparatus  was 
constructed  with  which  the  contact  pressure 
at  any  point  beneath  a  particular  loaded 
material  could  be  determined. 

The  fact  that  sponge-rubber  mats  had  been 
used  to  reduce  high  peripheral  pressures 
beneath  rigid  plates  in  concrete-pavement 
loading  tests  prompted  a  series  of  initial  studies 
with  this  material.  The  effect  of  the  type  and 
thickness  of  the  rubber  cushion,  both  when 
confined  and  when  nonconfined  laterally,  was 
studied.  It  was  found  that  in  either  case  the 
pattern  of  pressure  distribution  was  extremely 
irregular.  When  unconfined,  the  rubber  cush- 
ion displaced  laterally  under  load,  thus  reduc- 
ing the  normal  intensity  of  the  pressure 
beneath  the  peripheral  area  and  increasing 
the  pressure  beneath  the  central  area  of  con- 
tact. When  confined,  an  edge  or  perimeter 
effect  was  created  resulting  in  a  high  concen- 
tration of  pressure  at  the  outer  limits  of  the 
area  of  contact. 


Table  6. —  Variations  in  subgrade  soil  moisture  content  (in  percent)  at  several  depths  beloiv   the  surface  of  the  subgrade  of  the  auxil- 
iary test  pavement,  at  various  times  of  the  year 


Depth 
below 
bottom 
of  base 
course 

Moisture  content  for  date  sampled  (1945-46) 

-    Moisture  range 

Average 

Location  of  sampling  area 

Aug. 
30 

Sept. 
27 

Oct. 
16 

Oct. 
31 

Jan. 
ll 

Feb. 
20 

Mar. 

5 

Mar. 
20 

Apr. 
2 

Apr. 
16 

Mini- 
mum 

Maxi- 
mum 

Differ- 
ence 

moisture 
content 

Natural  subgrade  ' 

Inches 

3 

1 

1 

1 

14 

10 

10 

10 

26 

22 

22 

22 

17.7 
20.9 
27.1 
23.2 
25.8 
23.1 
19.4 
23.  9 
31.9 
26.8 
22.8 
23.5 

17.9 
19.7 
26.6 
24.2 
35.1 
23.5 
25.0 
24.4 
31.7 
26.3 
24.0 
26.2 

17.7 
20.6 
27.8 
24.5 
35.3 
25.0 
22.6 
24.7 
30.1 
25.0 
24.4 
24.6 

18.0 
21.3 
26.8 
22.7 
38.5 
22.9 
21.7 
25.9 
31.0 
24.7 
21.8 
24.5 

22.5 

35.3 

35.7 
25.6 
25.6 

20.5 
22.5 
26.6 
24.6 

"~~23~3 
25.6 
22.9 
36.6 
24.0 
25.4 
29.2 

26.9 

22.1 
28.2 
25.2 
20.6 
33.5 
22.2 
23.8 
25.7 

22.0 
22.3 
28.8 
24.3 
21.9 
29.2 
24.6 
26.3 
36.0 
27.3 
23.9 
27.0 

22  2 
21.' 7 
27.0 
24.7 
24.3 
24.3 
25.9 
28.5 
30.7 

27.2 

25.0 

20.7 
23.0 
.  24.8 
20.1 
24.8 

22.7 
18.2 
32.3 
26.4 
24.1 
23.8 

17.7 
19.7 
24.8 
20.1 
21.9 
22.9 
19.4 
18.2 
30.1 
22.2 
21.8 
23.5 

26.9 
23.0 
28.8 
24.7 
38.5 
29.2 
25.9 
26.3 
35.7 
27.3 
27.2 
29.2 

9.2 
3.3 
4.0 
4.6 
16.6 
6.3 
6.5 
8.1 
5.6 
5.1 
5.4 
5.7 

20  6 

4-inch  base  section     _.     _     _     

21  5 

8-inch  base  section 

26  9 

23  5 

Natural  subgrade  ' 

30  4 

4-inch  base  section.  _ ..  _     .. 

24  9 

8-inch  base  section  __ 

23  6 

12-inch  base  section     

23  9 

Natural  subgrade  '    

33  0 

4-inch  base  section., . 

25  4 

8-inch  base  section _.  . 

24  4 

12-inch  base  section 

26  6 

1  Natural  subgrade  refers  to  an  undisturbed  subgrade  location  adjacent  to  the  auxiliary  test  pavement. 
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Considerable  time  was  spent  in  a  study  of 
the  pressure  distribution  characteristics  of  a 
specially  built  rubber  bag.  This  was  composed 
of  gum  rubber  molded  in  a  cylindrical  shape, 
and  had  a  vertical  hole  through  its  center 
through  which  deflection  measurements  of  the 
material  under  test  could  be  made.  This 
rubber  bag  was  tested  in  a  number  of  ways, 
with  and  without  lateral  confinement,  both 
when  inflated  with  air  and  when  filled  with 
water.  The  distribution  of  pressure  beneath 
the  bag  was  erratic.  When  confined  laterally 
and  overinflated  with  either  air  or  water,  the 
pressure  was  concentrated  largely  over  an 
annular  section  between  the  perimeter  and 
center  opening  of  the  bag.  When  confined 
laterally  and  underinflated,  a  high  concentra- 
tion of  pressure  developed  beneath  the  side 
wall  and  around  the  center  opening.  When 
unconfined,  the  bag  compressed  vertically 
under  load  to  the  extent  of  creating  abnormal 
pressure  beneath  the  side  walls  and  around 
the  center  opening.  There  appeared  to  be  no 
way  in  which  the  bag  could  be  used  so  that 
the  carcass  or  vertical  walls  of  the  unit  did 
not  adversely  influence  the  pattern  of  pressure 
distribution. 

Many  other  types  of  material  were  studied 
from  the  standpoint  of  their  potential  ability 
to  transmit  load  and  give  the  desired  pat  tern 
of  pressure  distribution.  Among  other  things, 
the  pressure-transmitting  characteristics  of 
thin  rubber  membranes  were  investigated  in 
considerable  detail.  The  fact  that  the  pres- 
sure transmitted  by  such  a  material  was  in- 
variably found  to  be  equal  to  the  pressure 
imposed  upon  it  led  to  the  decision  that  tin- 
ultimate  design  of  the  bearing  surface  should 
embody  the  use  of  such  an  elastic  membrane 
as  the  primary  pressure-transmitting  medium. 
The  problem  resolved  itself  into  one  of  de- 
termining how  to  attach  the  membrane  to  a 
chamber  or  cell  so  that  when  air  under  pres- 
sure is  introduced  (1)  the  membrane  would 
not  blow  out,  (2)  the  contact  area  would  not 
vary  to  any  appreciable  extent  with  load,  and 
(3)  the  intensity  of  the  transmitted  pressure 
over  the  entire  facial  area  of  the  bearing 
surface  would  be  reasonably  uniform. 

Three  types  of  bearing  cells  employing  an 
elastic  membrane  were  developed.  They  are 
shown  schematically  in  figure  9.  The  ceil 
on  the  left  is  simply  an  air  chamber  with  intact 
side  walls.  The  cell  in  the  center  has  two 
cylindrical  sections,  the  lower  telescoping 
into  the  upper.  The  cell  on  the  right  is 
similar  to  that  on  the  left  except  that  a 
section  of  flexible  metal  bellows  is  installed 
in  the  cylindrical  section.  The  performance 
characteristics  of  all  three  cells  were  studied 
both  with  the  elastic  diaphragm  attached  in 
the  inside  and  to  the  outside  of  their  respective 
base  sections. 

From  a  standpoint  of  the  forces  of  action  and 
reaction  all  three  cells  are  basically  the  same 
when  the  diaphragm  is  on  the  inside.  A 
given  internal  air  pressure  will  produce  an 
upward  reaction,  R,  equal  to  the  area  of  the 
diaphragm  times  the  prevailing  pressure: 
R  =  AXP.  To  develop  the  same  unit  inter) 
sity  of  pressure  beneath  the  rim  or  end  pro- 
jection of  the  cylinder  as  that  acting  through 
the  diaphragm,  a  supplemental  load,   /-,  can 
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sections  ttf  the  flexible -surface  load-bearing 
cells. 


be  applied  by  external  means  to  the  top  of 
the  cell,  of  a  magnitude  such  that  L  equals 
rim  area  times  inflation  pressure. 

Thus  ii  appears  that  any  one  of  the  three 
cells  could  be  used  in  such  a  way  thai 
contact  pressure  would  be  uniform  over  its 
entire  facial  area--  that  is,  beneath  both  the 
diaphragm  and  the  end  projection  of  the  rim 
section.  In  this  case  the  rim  section  would  be 
a  part  of  the  bearing  surface  and  would  con- 
stitute its  peripheral  area.  However,  in  ti 
with  the  cell  having  intact  side  walls,  extreme 
difficulty  was  encountered  in  manually  con- 
trolling its  operation  so  that  load  L  at  all  times 
was  in  balance  with  load  R.  There  appeared 
to  be  no  way,  mechanically  or  automatically, 
of  maintaining  the  desired  balance  between 
the  two  components  of  the  load  as  the  internal 
air  pressure  is  increased  or  decreased  during 
the  progress  of  a  test. 

The    telescopic   cell    was   developed    in    an 
attempt  to  overcome  the  operational  difficul- 
ties of  the  cell  with  intact  side  walls.      Ii 
reasoned  that    in  a  cell  of  telescopic  design 
the  internal  air  pressure  would   bear  againsl 
the  upper  projection  of  the  Lower  section  and 
that   this  pressure,  less  the  effect-  of  fricl 
that  may  be  present   or  maj    develop  as 
-ictions  move   with   r<  'her, 

would  be  transmitted  downward  to  the 
material  under  test.  In  other  words,  the 
pressure  transmitted  automat  ically  by  the  end 
projection  of  the  rim  section  would  be  ap] 

:'  i ly  equal  to  that  of  the  internally  existing 
air    pressure.      In    order    to    prevent    undue 
|i  al  age  oi    air  from   the  space  bel  ween   the 
ions,  however,  it   •■ 
r  gasket  seal  t  ha1  had  a  relatn  elj  high 
coefficient  of  friction.     This   si  d   to 

reduce  the  pressure  transmitted  by  the  rim 
about  30  percenl  when  the  sections  were  in 
the  process  of  opening,  and  to  increase  this 
pressure  about  the  same  amount  when  the 
sections  were  closing. 


It  is  possible  that  a  bearing  surface  of  the 
telescopic  type,  having  the  diaphragm  at- 
tached to  the  inside  of  the  base  section,  could 
be  used  in  a  manner  that  would  tend  to 
promote  continuous  and  progressive  opening 
of  the  movable  sections  during  the  course  of  a 
test.  This  would  result  in  a  reasonably 
constant  deficiency  of  pressure  beneath  the 
rim  section,  and  such  a  situation  i 
be  tonsil!  able  if  the  ratio  of  the 

rim  area  to  the  diaphragm  area  is  low.  How- 
ever, if  it  is  considered  essential  to  have  the 
same  intensity  of  pressure  transmitted  through 
the    rim    section    as    ti:  g    through    the 

diaphragm,  the  total  reaction  load  must 
controlled  or  made  to  equal  the  total  facial 
area  of  the  cell  times  the  internally  existing 
air  pressure.  In  contrast  to  a  cell  having 
intact  side  walls,  this  can  be  accompli 
without  serious  danger  of  overloading  or 
underloading  the  rim  sectio 

The  bearing  cell  shown  at  the  right  in 
figure  9  was  conceived  in  an  elf  or!  to  overc 
the  undesirable  features  of  the  intact  side  wall 
cell  and  the  telescopic  cell  It  was  reasoned 
that  the  bellows  convolutions  installed  in  the 
cylindrical  section  would  allow  a  certain 
measure  of  vertical  movement  without 
altering  the  distribution  of  pressure  over  its 
contact  fact  \  considerable  amount  of  work 
has  I  cell  of  this  type.    While 

bellows  section,  designed  to  withstai 
internal   pressure  of    100  pounds   per  sq 
inch,    exhibited    a    higher    spriim    rate    than 
desired,  it  did  serve  to  impart   a  much  L-reater 
decree  of  vertical  flexibility  to  the  cell  than 
when  the  side  walls  wore  intact.     Because  of 
this     vertical     flexibility,     the     load     may     be 
applied  and  released  more  uniformly  and  with 
less    likelihood    of    rupturing    the    meml 
than    was   experienced    with    the   rigid-walled 
cell. 

The  r  discussion  described  thi 

flexible   bearing   surface   'ells   with   the  dia- 
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Figure  10. — Load-test  assemblies  using  (A)  rigid  plates  and  (B)  a  pneumatic  tire. 


phragm  attached  to  the  inside  of  the  lower 
cylindrical  section.  In  some  of  the  preliminary 
tests  with  these  cells  it  was  found  that  the 
peripheral  rim  section  left  what  appeared  to 
be  an  abnormal  cut  or  sharp  impression  in 
the  material  tested.  This  was  in  marked 
contrast  to  the  impression  left  by  a  loaded 
tire  on  the  same  material.  Here  the  impression 
around  the  edge  of  the  imprint  area  was 
relatively  smooth. 

As  a  result  of  these  observations  the 
possibility  of  attaching  the  diaphragm  to  the 
outside  rather  than  to  the  inside  of  the  unit 
was  considered.  It  was  realized  that  in  this 
event  the  contact  face  of  the  unit  would  vary 
depending  upon  the  magnitude  of  the  applied 
load,  the  carcass  stiffness  of  the  diaphragm, 
and  the  amount  of  clearance  between  the  end 
projection  of  the  rim  and  the  diaphragm  or 
material  on  which  it  rests.  As  a  result  it  is 
not  possible  to  formulate  the  forces  of  action 
and  reaction  to  the  same  degree  of  accuracy 
as  when  the  diaphragm  is  attached  to  the 
inside.  It  has  been  found,  however,  by 
controlling  the  amount  of  clearance  between 
the  rim  and  diaphragm,  that  the  variations  in 


size  of  contact  area  are  of  negligible  propor- 
tions. In  tests  with  this  type  of  diaphragm 
attachment  the  tendency  toward  the  develop- 
ment of  a  shearing  or  cutting  action  at  the 
perimeter  of  the  contact  area  is  greatly 
reduced. 

LOAD-TESTING  PROCEDURES 

One  of  the  purposes  of  the  auxiliary  test 
pavement  was  to  serve  in  the  development 
of  a  procedure  for  conducting  the  load-bearing 
tests  on  the  oval  track  pavement — a  procedure 
which  could  be  relied  upon  to  give  the  best 
possible  results.  Methods  for  making  such 
tests  have  never  been  standardized,  partic- 
ularly those  having  to  do  with  the  load- 
supporting  capacity  of  pavements. 

Three  procedures  of  load  testing  using  rigid 
plates  were  studied.  The  first  involved  the 
application  of  five  or  more  load  increments, 
each  increment  being  applied  and  released 
five  times.  Each  increment  produced  a  net 
deflection  of  the  medium  under  test  of  0.1 
inch — the  five  increments  thus  producing  a 
gross  deflection   of  0.5  inch.     In  tests  using 


this  procedure  the  applied  load  was  not 
released  nor  was  the  released  load  reapplied 
until  the  rate  of  vertical  movement  had 
slowed  down  to  0.002  inch  per  minute.  Tests 
were  made  according  to  this  procedure  on  the 
pavement  surface,  base  course,  and  subgrade 
of  the  three  sections  of  the  auxiliary  pavement 
(see  fig.  3)  using  plates  of  9-  and  18-inch 
diameter.  Duplicate  tests  were  made  in 
all  cases,  and  where  the  results  of  the  two  tests 
were  not  in  reasonably  good  agreement  a  third 
test  was  run. 

The  second  procedure  differed  from  the 
first  in  that  the  load  was  applied  rapidly  and 
without  interruption  until  visible  rupture  of 
the  material  occurred  or  until  its  resistance 
was  overcome.  The  application  of  the  load 
was  such  as  to  produce  a  reasonably  constant 
rate  of  deflection  of  1.2  inch  per  minute. 
Tests  were  conducted  according  to  this  pro- 
cedure on  the  pavement  surface,  base  course, 
and  subgrade  of  the  auxiliary  pavement  sec- 
tions with  four  rigid  plates  of  6-,  9-,  12-,  and 
18-inch  diameter.  In  addition  a  special  series 
of  tests  was  made,  using  this  procedure,  in 
an  effort  to  develop  some  preliminary  infor- 
mation relative  to  the  effect  of  the  temperature 
of  the  bituminous  surface  upon  the  load-sup- 
porting capacity  of  the  pavement  structure. 
Tests  were  run  with  the  same  group  of  rigid 
plates  upon  the  2-,  4-,  and  6-inch  thicknesses 
of  bituminous  surface  over  the  4-inch  base 
section  of  pavement  when  the  temperature  of 
the  surface  was  about  68°,  85°,  and  105°  F: 

The  third  procedure  was  that  of  repetitional 
loading  in  which  from  15  to  100  load  applica- 
tions were  applied  and  released.  Tests  were 
made  on  the  top  of  the  base  of  all  three  auxil- 
iary pavement  sections  with  the  9-  and  18-inch 
diameter  plates.  The  series  of  tests  was 
planned  specifically  for  the  purpose  of  study- 
ing the  elastic  action  of  the  base  course-sub- 
grade  component  of  the  pavement. 

In  addition  to  the  various  tests  described 
above  a  great  number  of  tests  were  conducted 
upon  the  sections  of  the  auxiliary  pavement  in 
connection  with  the  problem  of  the  develop- 
ment of  a  flexible  type  of  bearing  surface. 
The  several  load-test  assemblies  are  shown  in 
figures  10  and  11.  A  view  of  a  rigid  plate 
assembly  appears  in  figure  10  A.  The  plates 
are  arranged  in  typical  pyramid  fashion  to 
insure  rigidity.  Vertical  movement  readings 
are  made  with  dial  gages  bearing  against  the 
center  and  edges  of  the  base  plate  and  against 
the  surface  of  the  pavement  at  distances  of 
3,  6,  12,  and  24  inches  from  the  plate.  Load 
is  applied  by  means  of  a  retractable  hydraulic 
jack.  In  this  as  well  as  in  all  the  other  load 
assemblies,  an  electric  buzzer  is  clamped  to 
the  dial-supporting  beam  for  the  purpose  of 
freeing  the  dial  stems  when  readings  are  made. 
The  effect  is  similar  to  that  of  tapping  a  gage 
to  make  sure  that  the  needle  is  not  stuck. 
It  has  been  found  that  the  use  of  such  a  buzzer 
not  only  serves  to  facilitate  reading  the  gages 
but  tends  to  give  more  accurate  results. 

Figure  11 A  shows  a  load  assembly  employ- 
ing the  telescopic  type  of  bearing  surface 
described  previously.  The  deflection  of  the 
pavement  surface  in  this  case  is  measured  at 
the  center  of  the  unit  on  the  top  of  a  rod  ex- 
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tending  downward  through  the  cell  to  the 
diaphragm.  The  deflection  of  the  rim  of  the 
cell  or  the  material  beneath  the  end  projection 
of  the  rim  is  measured  by  means  of  three  dial 
gages  operating  against  bracket-  attached  to 
the  rim.  The  air  pressure  in  the  cell  is  con- 
trolled by  means  of  the  pressure  regulating 
valve  assembly  shown.  The  hydraulic  jack 
superimposed  on  the  cell  is  used  to  deti  i 
or  control  the  reaction  load.  In  figure  IIS 
another  load-test  assembly  is  shown,  employ- 
ing the  bellows  type  of  bearing  surface.  This 
cell  is  operated  and  the  deflections  measured 
in  much  the  same  manner  as  described  for 
the  telescopic  cell. 

In  figure  10.B  still  another  load  assembly  is 
shown,  utilizing  a  pneumatic  tire  as  the  load- 
bearing  surface.  Here  the  vertical  movemenl 
of  the  pavement  surface  beneath  the  center 
of  the  tire  contact  area  is  measured  by  means 
of  a  specially  designed  deflection  rod  unit  1  hat 
is  installed  in  the  tire.  Lack  of  clearance 
beneath  the  water  tank  that  was  used  on  the 
auxiliary  test  track  to  provide  the  necessary 
load  reactions  made  it  necessary  to  mount 
the  tire  on  the  end  of  the  beam  assembly 
shown  and  apply  the  load  in  the  manner 
indicated. 

In  load  testing  the  pavements  and  base 
courses  of  the  oval  test  track  a  25-ton  trailer 
loaded  with  concrete  or  steel  blocks,  is  being 
used.  The  weight  is  concentrated  on  the 
bearing  surface  by  means  of  a  hydra-ulic  jack, 
as  shown  in  the  cover  illustration. 

SUMMARY 

A  great  deal  of  pertinent  and  useful  infor- 
mation has  been  obtained  from  the  tests  made 
to  date  on  the  sections  of  the  auxiliary  pave- 
ment. This  information  has  been  particularly 
helpful  in  the  formulation  of  the  testing  pro- 
gram for  the  sections  of  pavement  on  the  oval 
test  track. 

The  investigation  has  been  planned  in  such 
a  way  that  it  should  be  possible  to  compare 
and  correlate  all  existing  proposed  method-  of 
thickness  design.  Thus  in  the  course  of  the 
investigation  such  tests  as  the  North  Dakota 
cone  test,  the  California  bearing  ratio  I 
and  the  triaxial  compression  test  must  be 
made  on  certain  of  the  component   materials 


Figure  II. — Load-test  assemblies  using  (A)  the  telescopic  cell  and  (It)  tin-  bellows  <•<//. 


of  i lie  pavement  at  each  location  where  a 
bearing  test  is  made.  In  addition,  samples  of 
these  components  will  be  obtained  for  mois- 
ture content  and  density  determinations. 


The  completion  of  the  planned  program  of 
ould    throw    considerable    additional 
light   on   many  questions  which  et,  to 

it   extent  .  unanswered. 
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Measuring  changes  in  vol- 
ume and  sonic  modulus 
of  elasticity  of  frozen 
and  thawed  concrete 
bea  ms 


The  Effect  on  Properties  of  Concrete 

of  Natural  and  Portland  Cement  Blends 


Confirming  the  results  of  earlier  studies, 
this  investigation  of  concretes  made  with 
blends  of  natural  and  portland  cements 
shows  that  such  concretes,  because  they 
entrain  air,  have  increased  resistance  to 
freezing  and  thawing.  Offset  against  this 
gain  is  a  somewhat  lessened  strength.  The 
investigation  found  no  properties  in  the 
natural  cements,  other  than  their  air-en- 
training ability,  that  influenced  the  in- 
creased resistance  to  freezing  and  thawing. 

In  plain  concrete  slabs  as  constructed  in 
the  field,  the  top  of  the  slab  usually  has 
lower  resistance  to  freezing  and  thawing 
than  the  bottom.  This  investigation  indi- 
cates that  air  entrainment  improves  the 
concrete  throughout  the  slab  with  regard 
to  resistance  to  freezing  and  thawing  and 
tends  to  make  it  more  uniform. 


AN  INVESTIGATION  of  the  use  of  blends 
-t\  of  natural  and  portland  cement  for  im- 
proving the  quality  of  concrete  was  reported 
in  1938  by  the  Public  Roads  Administration.2 

'  Presented  at  the  fiftieth  annual  meeting  of  the  American 
Society  for  Testing  Materials,  June  17,  1947,  at  Atlantic 
City,  N.  J. 

'  The  Effect  of  Using  a  Blend  of  Portland  and  Natural  Cement 
on  the  Physical  Properties  of  Mortar  and  Concrete,  by  W.  F. 
KellermannandD.  G.  Runner;  Public  Roads,  vol.  19,  No.  8, 
October  1938,  p.  153;  also  Proceedings  of  the  American  Society 
for  Testing  Materials,  vol.  38,  Part  II,  1938,  p.  329. 


BY  THE  DIVISION  OF  PHYSICAL  RESEARCH 
PUBLIC  ROADS  ADMINISTRATION 

Reported  by  A.  G.  TIM  MS,  Senior  Materials  Engineer, 

W.  E.  GRIEB,  Associate  Highway  Engineer,  and 

GEORGE  WERNER,  Associate  Materials  Engineer 


That  investigation,  prompted  by  the  increas- 
ing use  of  blends  in  the  field,  was  limited  to  the 
use  of  one  natural  cement  in  the  case  of  the 
laboratory-fabricated  specimens  and  to  two 
natural  cements  in  the  case  of  cores  drilled 
from  pavements  and  tested  in  the  laboratory. 

The  present  report  summarizes  the  results 
of  a  considerably  expanded  laboratory  investi- 
gation begun  in  January  1942  that  involved 
the  use  of  seven  natural  cements  and  one  slag 
cement,  each  of  which  was  blended  with  each 
of  three  plain  or  nonair-entraining  portland 
cements.  In  addition,  comparable  tests  were 
made  with  the  three  plain  portland  cements 
as  well  as  with  the  air-entraining  counterparts 
of  two  of  them.  Some  of  the  natural  cements 
contained  sufficient  air-entraining  material  to 
produce  air-entraining  concrete,  while  others 
produced  little  or  no  additional  air. 

For  convenience  in  conducting  this  investi- 
gation the  tests  were  divided  into  three  series, 
each  designed  to  study  certain  properties  of 
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concrete.  Series  1  was  planned  to  study  the 
rlexural  and  compressive  age-strength  rela- 
tions ;  series  2 3  was  designed  to  investigate 
drying  shrinkage  and  resistance  to  freezing  and 
thawing  in  water,  and  to  study  the  effect  of 
initial  curing  and  an  interruption  in  the  freez- 
ing and  thawing  cycle;  and  series  3  covered  an 
investigation  of  the  effect  of  segregation  of  the 
constituent  materials  due  to  manipulation  of 
the  surface  in  the  finishing  operations  in 
laboratory-mixed  concrete  placed  to  simulate 
pavement  construction  practice. 

CONCLUSIONS 

In  this  investigation  the  plain  portland 
cements,  the  air-entraining  portland  cements, 
and  the  natural  cement  blends  entrained  air  in 
volumes  of  from  1.3  to  5.3  percent — all  well 

3  Certain  of  the  freezing  and  thawing  test  data  from  series 
2  of  this  investigation  were  presented  in  the  paper  Effect  of 
Blended  Cements  and  Vinsol  Resin-Treated  Cements  on  Dur- 
ability of  Concrete,  by  W.  F.  Kellermann;  Journal  of  the  Ameri- 
can Concrete  Institute,  vol.  17,  No.  6,  June  1946,  p.  681. 
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within  the  upper  6  percent  limit  usually  speci- 
fied in  current  construction  practice  where  air- 
entraining  concrete  is  used.  The  results  of 
tests  performed  on  the  concrete  specimens 
confirm  the  conclusions  of  previous  investiga- 
tions that  increased  resistance  to  freezing  and 
thawing  is  obtained  by  the  use  of  air-entrain- 
ing concrete,  though  at  some  sacrifice  in 
strength. 

It  is  concluded  from  the  results  of  the  tests 
that  the  increased  resistance  to  freezing  and 
thawing  of  concrete  made  with  blends  of  port- 
land  and  natural  cements  of  the  types  and  in 
the  proportions  used  in  this  investigation  is 
due  to  the  fact  that  the  concrete  contained 
entrained  air. 

Many  investigations  have  shown  that  the 
upper  portion  of  a  plain  concrete  slab  as  cast 
is  less  resistant  to  freezing  and  thawing  than 
the  bottom.  These  tests  indicate  that  air 
entrainment  will  tend  to  improve  the  uni- 
formity of  the  concrete  throughout  the  depth 
of  the  slab. 

GENERAL  TEST  PROCEDURE 

In  construction,  the  general  practice  is  to 
use  a  blend  consisting  of  one  bag  of  natural 
cement  and  either  five  or  six  bags  of  portland 
cement.  In  this  investigation  all  blends  were 
made  in  the  proportion  of  14  percent  natural 
cement  to  86  percent  portland  cement,  by 
weight.  This  is  about  the  proportion  of  one 
bag  of  natural  cement  weighing  80  pounds 
to  five  bags  of  portland  cement  weighing  94 
pounds  each. 

The  three  portland  cements  used  in  the 
investigation  were  designated  by  capital  letters 
A,  B,  and  C.  All  of  them  were  nonair- 
entraining  and  as  such  were  designated  as 
Al,  Bl,  and  Cl.  Flake  Vinsol  resin  inter- 
ground  with  cements  A  and  B  produced  air- 
entraining  portland  cements  designated  as 
A2  and  B2.  There  was  no  air-entraining 
counterpart  of  cement  C. 

The  natural  cements  used  in  the  investiga- 
tion were  designated  by  Roman  numerals  /  to 
V,  inclusive,  and  the  slag  cement  by  Roman 
numeral  VI.  Two  lots'  of  each  of  the  natural 
cements  II  and  IV,  differing  considerably  in 
the  amount  of  interground  air-entraining 
(chloroform-soluble)  material  they  contained, 
were  tested.  The  samples  with  the  smaller 
amounts  were  designated  as  I  la  and  IVa, 
while  the  samples  with  the  larger  amounts 
were  designated  as  lib  and  IVb. 

In  summary,  the  notation  identifying  the 
several  portland  cements,  natural  cements, 
and  the  slag  cement  used  in  the  investigation 
is  as  follows: 

Portland  cements,  capital  letters  A,  B,  C 

nonair-entraining.  _ suffix  1 

air-entraining suffix  2 

Natural  cements.  Roman  numerals  /  to  V 
with  smaller  amount  of  air- 
entraining  material suffix  a 

with   larger  amount  of  air- 
entraining  material suffix  h 

Slag  cement Roman  numeral  VI 

Results  of  chemical  and  physical  tests  on 
the  cements  are  given  in  tables  1  and  2.  The 
results  of  grading  and  other  physical  tests  of 
the  aggregates  used  are  shown  in  table  3. 
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Table  1. — Chemicul  and  physical  properties  of  portland  cements 

CHEMICAL  AXAI.-i 


Portland  cements 

Al 

At 

Iil 

Bt 

Cl 

Silica  (SiOj) 

Percent 

21.60 

6.  14 

2.56 

63.90 

2.93 

1.58 

.68 

.62 

.007 

Percent 

21.60 

6.29 

2.56 

63.85 

2.93 

1.61 

.54 

.04 

.035 

Percent 

4.  27 
3.28 
G4.00 
1.09 
1.41 
.64 
.84 

.006 

Percent 

23.90 

4.14 

3.36 

64.65 

1.10 

1.42 

.Gl 

.040 

Percent 
21  55 

Alumina  (AhOi) 

Ferric  oxide  (FeaO j) 

Lime  (CaO) 

63  DO 

Magnesia  (MgO) 

Sulfuric  anhydride  (SOs) 

1    58 

Sodium  and  potassium  oxide  (Na:0+K20)... 

• 

Loss  on  ignition 

1   42 

Chloroform — soluble  material ' 

COMPUTED  COMPOUND  COMPOSITIONS 


T  ricalcium  silicate  (CsS) 

Dicalcium  silicate  (C2S) . . . 

Tricalcium  aluminate  (C3A) 

Tetracalcium  alumino— ferrite  (C«AF). 
Calcium  sulfate  (CaSOO 


Percent 

Percent 

Percent 

Percent 

46 

45 

41 

45 

27 

28 

36 

35 

12 

12 

6 

5 

8 

8 

10 

10 

2.7 

2.7 

2.4 

2.4 

Percent 
46 
27 
10 

11 

a.  7 


PHYSICAL  PROPEL 


Apparent  specific  gravity. _. 

Specific  surface  (Wagner) 

Autoclave  expansion 

Normal  consistency 

Time  of  setting  (Gillmore  test): 

Initial  set 

Final  set 

Tensile  strength  (1:3  mortar): 

3  days. 

7  days 

28  days 

Compressive  strength  (1:3  mortar): 

3  days 

7  days. 

28  days.. 


.cm.'  per  gm. 
percent, 
percent. 


.  hr.-min. 
.  hr.-min. 


lb.  persq.  in 
.lb.  per  sq.  In 
.lb.  per  sq.  in 

.lb.  per  sq.  in 
.lb.  per  sq.  in. 
.lb.  per  sq.  in. 


3.17 

1,730 

.15 

23.5 

3.21 

1,670 

.17 

23.0 

3.17 

1,690 

.01 

24.5 

3.22 

1,735 

.02 

24.0 

3-10 
4-15 

2-H) 
4-10 

3-45 
5-00 

3-30 
.  5-25 

305 
415 
480 

280 
370 
490 

285 
325 
465 

225 
305 
385 

2,  015 
3,645 
5,450 

1,805 
3,495 
5,020 

1,695 
2,870 

1,420 
2,395 
4,045 

1,910 

25. 0 

5-00 

295 
3l>0 
445 

2,050 
3,515 
5,615 


'  A.  S.  T.  M.  Method  C-114-42  used. 

All  mixes  were  designed  on  the  basis  of  use 
of  nonair-entraining  portland  cements  and  no 
adjustments  were  made  in  the  proportions 
when  using  the  air-entraining  portland  cements 
or  the  blends  containing  natural  and  slag 
cements.     As    a    result,    the    proportions    of 


cement  to  aggregate  by  weight  were  the  same 
for  all  cement  combinations.  The  mixes  were 
also  designed  to  obtain  a  constant  consistency 
as  measured  by  the  slump  test.  Observations 
were  made  of  all  of  the  concrete  mixes  as  to 
workability.     This  varied  considerably.     All 


Table  2. — Chemical  and  physical  properties  of  natural  and  slim  cements 
CHEMICAL  ANALYSES 


Natural  cements 

- 
cement 

/ 

lla 

lib 

III 

tVa 

IVb 

V 

17 

Silica  (Si02)                             

Percent 

24.  15 

5.28 

33.45 

21.65 

1.30 

I.  78 

14.25 

.05 

Percent 
23.60 

2.56 
33.05 

1.61 
1.78 

9.54 

.04 

Percent 

23.55 
7    10 
2  1" 
33.00 
20.68 
1.96 
1.83 

- 

.32 

Percent 

- 

- 
in.  45 
1.78 

15.07 

>.33+ 

Percent 

25.  'J.'. 

5.50 

2.40 

34.  45 

21.62 

2.  .'(5 

3.  (HI 
6.  50 

11. 15 

.08 

Percent 
25.25 

5.35 
11.05 

.13 

Percent 

5.30 

34.45 
21.65 

3.41 
6.40 
11.65 

Percent 
30.60 

9.  II 

1.44 

Lime  (CaO) 

51.  IS 

■ 

- 

Chloroform — soluble  material '     . 

PHYSIC  M.  PROPI  RTIES 


Apparent  specific  gravity 

Specific  surface,  (Wagner) cm.1  per  gm.. 

Autoclave  expulsion.. pei 

Normal  consistency -  .percent  - . 

il  setting  (Gillmore  test): 

Initial  set hr.-min.. 

I  in  .1   1  1 hr.  min 

Tensile  strength  (1:2  mortar): 

3 days. ..lb.  persq.  In  . 

lb.  per  sq.  ill 

28  days  lb.  per  sq.  In 

Compressive  strength  (1:2  mortar): 

3  days   .  lb.  persq.  in 

II).  per  sq.  in 

28  days.. lb.  per  sq.  In 


2.90 

2.88 

3.03 

2,310 

3,030 

- 

2,035 

2.565 

- 

- 

15.0 

'5.5 

29.0 

31.0 

32.0 

34.0 

36.0 

■ 

32.0 

3-15 

1-10 

1-00 

1-1(1 

1-15 

5-30 

- 

5-15 

1-45 

65 

80 

•  40 

75 

50 

65 

116 

125 

70 

17(1 

235 

'  210 

135 

17.'. 

.365 

655 

I,  160 

1,790 

«  7lii 

-.  1 

2-35 
5-00 

■ 


I  ('-III    12  D 

\  1 1  rhloroform— soluble  material  not  exn 
len  warped. 
4  1:3  mortar  u 


Table   3. — Grading  and  other  physical 
properties  of  aggregates 


Table  5. — Compressive  strength  of  cylinders,1  series  1  tests 


GRADING 


Poto- 

Mary- 

Poto- 

Poto- 

mac- 

land 

mac 

mac 

River 

bank 

River 

River 

sand 

sand 

gravel 

gravel 

used  in 

used  in 

used  in 

used  in 

series 

series 

series 

series 

1  and  2 

3 

land  3 

2 

Percent     passing     sieve 

size: 

100 
100 
100 

100 
100 
100 

100 
68 
43 

100 

100 

%-inch 

80 

100 

100 

29 

50 

36-inch 

100 

100 

15 

30 

No.  4       

98 

87 
76 
57 
23 

94 
79 
66 
44 
14 

3 

0 

No  8 

No   16 

No  30 

No.  50 

No   100 

5 

2 

OTHER  PHYSICAL  PROPERTIES 


Fineness  modulus 

Bulk     specific     gravity 
(dry) 

Absorption  (24  hour) 

percent.. 


2.54 

3.01 

7.39 

2.59 

2.57 

2.59 

1.2 

1.2 

1.1 

6.90 
2.59 
1.1 


of  the  air-entraining  mixtures  produced  more 
workable  concrete  than  those  that  contained 
only  small  quantities  of  air. 

The  amount  of  water  per  unit  volume  of 
concrete  was  calculated  from  actual  yield 
tests.  Differences  in  water  contents  reflect 
differences  in  the  volume  of  air  in  the  mixes 
as  well  as  slightly  different  water  requirements 
of  the  various  cements. 

STRENGTH  TESTS 

The  tests  comprising  series  1  of  the  investi- 
gation were  planned  to  study  the  flexural  and 
compressive  age-strength  relation.  Mix  data 
for  the  concretes  used  in  this  series  are  given 
in  table  4.  All  of  the  portland  cements  and 
blends     of     the     nonair-entraining     portland 


Compressive  strength  -  at— 

Cements 

3  days 

7  days 

28  days 

180  days 

360  days 

4  years 

Strength 

Ratio 

Strength 

Ratio 

Strength 

Ratio 

Strength 

Ratio 

Strength 

Ratio 

Strength 

Ratio 

Al    . 

P.  s.  i. 
2, 130 
1,850 
2,170 
2,  280 
1,690 
2,  200 
1,830 
1,530 
2,070 
2,000 

1,960 
1,690 
1,900 
1,910 
1,550 
1,860 
1,720 
1,330 
1,810 
1,740 

2,410 
2,180 
2,230 
1,920 
2,120 
2,050 
1,700 
2,180 
2,280 

Per- 
cent 

100 
87 

102 

107 
79 

103 
86 
72 
97 
94 

100 
86 
97 
97 
79 
95 
88 
68 
92 
89 

100 
90 
93 
80 
88 
85 
71 
90 
95 

P.  s.  i. 

4,000 
3,950 
3,590 
3,770 
2,840 
3,560 
3,190 
2,680 
3,330 
3,720 

3,430 

3,120 
3,270 
3,410 
2,640 
3,100 
2, 860 
2,360 
2,860 
3,160 

3,860 
3,740 
3,540 
3,020 
3,600 
3,170 
2,850 
3,380 
3,680 

Per- 
cent 
100 
99 
90 
94 
71 
89 
80 
67 
83 
93 

100 
91 
95 
99 
77 
90 
83 
69 
83 
92 

100 
97 
92 
78 
93 
82 
74 
88 
95 

P.  s.  i. 

5, 89C 
5,600 
4,970 
5,740 
4,290 
5,280 
4.  750 
3,950 
4,970 
6,200 

5,370 
4,  560 
4,850 
5,160 
3,520 
4,530 
4, 350 
3,610 
4,460 
5,230 

5.880 
5,270 
5,260 
4,520 
5,240 
4,940 
4,310 
4,930 
5,760 

Per- 
cent 
100 
95 
84 
98 
73 
90 
81 
67 
84 
105 

100 
85 
90 
96 
66 
84 
81 
67 
83 
97 

100 
90 
90 

89 
84 
73 
84 
98 

P.  s.  i. 
6,070 
6,430 
5,700 
6,090 
4,670 
6, 170 
5,490 
4,620 
5,580 

Per- 
cent 

100 

106 
94 

100 
77 

102 
90 
76 
92 

P.  s.  i. 

7,  090 
6, 990 
6,  430 
7,150 
5,490 

6,  750 
5,980 

5,  220 
6.250 
7,570 

8,380 

7,  030 
6,980 

7,370 
5,890 
7,180 
6,490 
5,630 
6,770 
7,690 

7,  510 
7,470 
6,760 
5,870 
7, 130 

6,  100 
5,670 
6,680 
8,050 

Per- 
cent 
100 

99 
91 
101 

77 
95 
84 
74 
88 
107 

100 
84 
83 
88 
70 
86 
77 
67 
81 
92 

100 
99 
90 
78 
95 
81 
76 
89 

107 

P.  s.  i. 
7,220 
7,390 
6,690 
7,740 
5,510 
7,100 
6,550 
5,540 
6,630 

Per- 
cent 
100 

A2        

102 

Al  +  I 

Al  +  IIa 

Al+IIb 

Al+III 

Al+lVa 

Al+IVb 
Al+V 

.4;+ 17 

93 
107 
76 
98 
91 
77 
92 

1 
Bl      ... 

7,320 
6,950 
6.500 
6,720 
5,080 
6,160 
5,990 
5,110 
6,170 

100 
95 
89 
92 
69 
84 
82 
70 
84 

8,190 

7,250 
7,910 
8,150 
6,  ISM 
7,590 
7,390 
6,310 
7,600 

100 

B2 

Bl+I 

Bl+IIa 

Bl+IIb 

BI  +  III 

Bl+IVa 

Bl+IVb 

Bl+V. 

Bl+VI 

89 
97 
100 

79 
93 
90 
77 
93 

CI 

Cl+I. 

Cl+IIa 

Cl+IIh 

Ct+IIL 

Cl+IVa 

Cl+IVb 

Cl+V_. 

C/+T7.... 

6,870 
6,120 
6,570 
5,170 
6.300 
5,800 
5,140 
6,150 

100 
89 
96 
75 
92 
84 
75 
90 

7,570 
7,330 
8,150 
6,360 
7,790 
6,  850 
6,220 
7,570 

100 
97 

108 
84 

103 
90 
82 

100 

1  Specimens  used  were  6-  by  12-inch  cylinders. 

2  The  compressive  strength  values  are  based  on  the  average  of  3  tests  in  each  case.    The  ratio  of  strength  is  based  on  the 
strength  of  plain  portland  cements  Al,  Bl,  and  CI,  respectively. 


cements  with  each  of  the  natural  and  slag 
cements  were  used.  The  mix  contained  six 
bags  of  cement  per  cubic  yard.  Potomac 
River  gravel  (lK-inch  to  No.  4)  and  sand  were 
used  as  aggregates.  Their  grading  and  other 
physical  properties  are  shown  in  table  3. 

Specimens  used  in  the  compression  tests 
were  6-  by  12-inch  cylinders,  and  those  used 
in  the  flexure  tests  were  6-  by  6-  by  20-inch 
beams.     The  specimens  were  moist  cured  and 


Table  4. — Mix  '  flata,  series  1  tests 


Cements  2 


Al 

At 

Al+I... 
Al  +  IIa. 
Al  +  IIb. 
Al+III. 
Al+IVa 
Al+IVb 
Al  +  V.. 
Al+VI. 

Bl 

B2 

Bl+I... 
Bl+IIa. 
Bl+IIb. 
Bl+I  II. 
Bl+IVa 
Bl+IVb 
Bl+V.. 
Bl+VI  . 

CI 

Cl+I— 

Cl+IIa. 
Cl+IIb. 
Cl+III. 
Cl+IVa 
Cl+IVb. 
Cl+V... 
Cl+VI.. 


Water 

content ; 


Gal.  per 
bag 
5.2 
5.0 

5.2 
5.1 
5.2 

5.2 
5.2 
5.2 


5.1 
4.9 
5.1 
5.1 
5.0 
5.1 
5.2 
5.2 
5.1 
5.1 

5.2 

5.2 
5.2 
5.1 
5.2 
5.2 
5.2 
5.2 
5.2 


TJV 


0.  152 
.146 
.150 
.152 
.114 
.149 
.151 
.146 
.  149 
.152 

.150 

.  1  II 

.  1  I!) 

.150 
.143 

.147 
.  1 50 
.  117 
.147 
.150 

.  152 
.150 
.151 
.144 
.149 
.  1 51 
.149 
.149 
.151 


Slump 


Inches 
2.  6 
2.8 
2.9 
2.0 
3.1 
3.0 
2.8 
2.7 
2.9 
3.0 

2.8 
3.0 

2.8 
2.4 
2.8 
2.7 
2.8 
2.8 
2.7 
2.9 

3.0 
2.9 
2.9 
2.8 
3.1 
31 
2.8 
2.9 
2.7 


Flow 


!'•  rci  ill 
55 
5(1 
55 
52 
58 
54 
60 
59 
59 
59 

52 
50 
51 
46 
55 
54 
52 
57 
53 
53 

49 
51 
46 
48 
51 
53 
54 
51 
47 


Weight 
of  fresh 
concrete 


Lb.  per 
cn.  ft. 
149.6 
148.1 
148.0 
149.2 
143.6 
146.8 
146.8 
1 13.  8 
146.5 
149.3 

150.1 
148.0 
14X.  6 
149.7 
144.8 
147.4 
147.3 
144.5 
147.0 
149.5 

149.4 
148.1 
149.0 
144.4 
147.2 
146.8 
144.2 
146.7 
148.9 


Actual 
cement 
content 3 


Bags  per 
cu.  vd- 
6.0 
5.9 
5.9 
5.9 
5.7 
5.8 
5.8 
5.7 
5.8 
6.0 

6.0 
5.9 
5.  9 
0.0 
5.8 
5.9 
5.9 
5.8 
5.9 
6.0 

6.0 
5.9 
5.9 
5.8 
5.9 
5.8 
5.7 
5.8 


Calcu- 
lated air 
content 


Percent 
1.3 
2.8 
2.3 
1.5 
5.3 
3.0 
3.0 
5.1 
3.3 
1.3 

1.2 
*  3.1 
2.1 
1.3 
4.6 
2.8 
2.8 
4.6 
3.1 
1.4 

1.5 
2.3 
1.6 
4.8 
2.8 
3.1 
4.8 
3.2 
1.7 


i  Mix  by  dry  weight,  in  pounds=94:166:369,  using  lH-inch  to  No.  4  gravel. 

'  Where  natural  or  slag  cement  was  used,  proportions  were  86  percent  portland  cement  to  14  percent  natural  or  slag  cement, 
by  weight. 

3  Where  natural  or  slag  cement  was  used,  94  pounds  was  considered  as  one  bag. 

4  Water  per  unit  volume  of  concrete,  based  on  actual  yield  tests. 


were  tested  at  ages  ranging  from  3  days  to 
4  years. 

Table  4  shows  the  calculated  air  contents  for 
the  different  concretes.  These  varied  from  1.2 
percent  for  concrete  containing  nonair-en- 
training cement  Bl  to  5.3  percent  for  concrete 
containing  blend  Al  +  lib.  All  of  the  blends  of 
natural  cements  and  the  slag  cement  produced 
air  contents  in  excess  of  2  percent  except 
natural  cement  Ila  and  slag  cement  VI.  The 
air-entraining  portland  cements  developed 
about  3  percent  air. 

Results  of  compressive  and  flexural  strength 
tests  for  specimens  ranging  in  age  from  3  days 
to  4  years  are  given  in  tables  5  and  6,  re- 
spectively, and  are  ■  shown  graphically  in 
figures  1  to  4,  inclusive. 

Figures  1  and  2  show  the  relation  between 
air  content  and  compressive  and  flexural 
strength  at  28  days.  The  data  at  this  age  were 
selected  for  plotting  as  being  typical  of  the 
data  obtained  at  all  ages.  The  test  data  indi- 
cate that,  for  air  contents  in  excess  of  2  per- 
cent, the  compressive  strength  was  reduced 
approximately  in  proportion  to  the  increase  in 
the  amount  of  entrained  air. 

From  table  5  it  will  be  noted  that  for  the 
concrete  with  the  two  highest  air  contents, 
Al-\-IIb  and  Al  +  IVb,  the  compressive 
strength  at  28  days  was  reduced  approxi- 
mately 30  percent  as  compared  to  that  ob- 
tained with  plain  portland  cement  concrete. 
The  corresponding  decrease  at  4  years  was 
about  24  percent. 

In  figures  3  and  4  are  plotted  the  age- 
strength  relations  for  all  cement  combina- 
tions. In  each  case  the  data  have  been 
plotted  in  three  groups.  The  left-hand 
diagrams  show  the  age-strength  relations  for 
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Table  6. — Flexural  strength  of  beams,1  series  I  tests 


Modulus  of  rupture  J  at — 

Cements 

3  days 

7  days 

28  days 

180  days 

360  days 

4  years 

Strength 

Ratio 

Strength 

Ratio 

Strength 

Ratio 

Strength 

Ratio 

Strength 

Ratio 

Strength 

Ratio 

At.. 

P.  s.  i. 
320 

310 

305 
310 
275 
320 
320 
270 
305- 
330 

320 
280 
305 
300 
255 
285 
275 
225 
280 
260 

380 
350 
340 
320 
350 
345 
295 
340 
320 

Per- 
cent 

100 
97 
95 
97 
86 

100 

[00 
84 
95 

103 

100 

88 
95 
94 
80 
89 
86 
70 
88 
81 

100 

92 
89 
84 
92 
91 
79 
89 
84 

P.  >.  i. 

460 

470 

186 

430 

400 

430 

430 

38 

420 

460 

430 
430 
415 
425 
390 
400 
370 
340 
385 
425 

480 
480 
480 
430 
445 
435 
380 
410 
445 

Per- 
cent 
100 
102 
19 
• 

87 
93 
93 
84 
91 

too 

100 
100 
97 
99 
91 
93 
86 
79 
90 
99 

100 
100 
100 
90 
93 
91 
79 
85 
93 

P.  s.  i. 
605 
615 
535 
520 
480 
515 
520 
460 
520 
595 

560 
550 
540 

545 
485 
550 

475 

545 
565 

575 
555 
6 
510 
580 
575 
510 
520 
585 

Per- 
cent 
100 
102 
88 
86 
79 
85 
86 
76 
86 
98 

100 
98 

97 

87 
98 
87 
85 
97 
101 

100 
97 
98 
89 

101 

100 
89 
90 

102 

/'.  s.  i. 

• 

555 
585 
490 
585 
505 

m 

540 

Per- 
cent 

100 
87 
87 
92 
77 
92 
80 
7s 
85 

P. s.  i. 
660 

600 
555 

515 
625 

195 

000 

670 

745 

610 
71" 
6  ii  1 
670 
660 
575 

705 

07.', 
0-10 
690 
570 

680 
550 
560 

650 

Per- 
cent 
100 
91 
84 
94 
7-. 
95 

91 

102 

100 

86 

86 
90 
89 

100 
■ 

102 
si 
99 

101 

96 

P.  s.  i. 
660 

605 
690 
550 
650 

570 
590 

Per- 
cent 
100 

A2 

Al+I 

92 

Al+IIa 

Al  +  I  Ih 

Al+III. 

Al+IVa 
Al+IVb 

Al+V 

Al+Vl 

- 
90 

Bl 

650 
525 

550 
510 

565 

100 
98 
94 

98 

79 

83 

77 
85 

735 

710 
650 
725 
660 
625 

100 

B2___ 

85 

Bl+I  .. 

Bl+IIa 

Bl+IIb 

Bl  +  III 

Bl  +  IVa 
Bl+IVb 

Bl+V. 

Bt+VI 

97 
88 

90 

95 

CI.... 

Cl+I 

Ct+IIa 

ct+m 

Cl+III 

Cl+IVa 
CH  n'b 
Cl+V. 

ct+vi 

640 

590 
580 
520 
605 
525 
195 
570 

100 
92 
BJ 

■I 
95 
82 

89 

680 

730 
625 

70.", 
650 

100 
98 
105 

101 
94 

88 

Table  7. — Mix  '  data,  series  2  testa 


1  Specimens  used  were  6-  by  6-  by  20-inch  beams,  tested  with  third-point  loading  on  an  18-inch  span;  side  as  molded  in 
tension  (A.S.T.  M.  designation  C-78-44). 

2  The  modulus  of  rupture  strength  values  are  based  on  the  average  of  3  tests  in  each  case.    The  ratio  of  strength  is  based  on 
the  strength  of  plain  portland  cements  Al,  Bl,  and  O,  respectively. 


the  plain  cement  concretes,  for  the  air- 
entraining  portland  cements  {A2  and  B2on\y), 
and  for  the  slag  cement  blends.  The  center 
diagrams  show  the  corresponding  values  for 
concretes  containing  natural  cements  //  and 
IV;  that  is,  the  two  natural  cements  that 
had  different  amounts  of  interground  air- 
entraining  material.  The  right-hand  dia- 
grams .give  corresponding  data  for  the  other 
three  natural  cements. 

An  inspection  of  figure  3  reveals  that  blends 
of    all    three    plain    portland    cements    with 
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Figure  1. — Relation  of  compressive  strength 
at   28   days    to   calculated   air   content. 


natural  cements  lib  and  IVb  showed  con- 
siderable reduction  in  strength  compared  to 
the  plain  portland  cement.  With  the  excep- 
tion of  the  slag  cement  VI,  the  other  blends 
gave  strengths  intermediate  between  the 
plain  portland  and  the  two  high  air-entraining 
natural  cements  lib  and  IVb.  For  several 
ages  the  blend  Al  +  IIa  gave  higher  com- 
pressive  strengths  than  the  concrete  made 
from  plain  portland  cement. 

As  will  be  seen  in  table  •">.  the  percentage 
reduction  in  strength  duo  to  air  entrainment 
was  loss,  in  all  cases,  at  the  4-ycar  period  than 
at  the  28-day  period. 

The  combinations  of  slag  cement  VI  with 
t;ach  of  the  three  portland  cements  showed 
approximately  as  high  or  higher  strengths  at 
1  year  as  the  portland  cements  with  which 
they  were  blended.  In  general,  the  air- 
entraining  portland  cements  showed  slightly 
lower  strengths  than  the  companion  plain 
portland  cements.  The  reduction  in  strei 
is  about  what  would  be  expected4  based  on 
the  amount  of  calculated  entrained  air. 

Blends  of  low  air-en1  raining  rial  ural  i 
and  portland  cements  gave  markedly  higher 
strengths  than  blends  of  high  air-entraining 
natural  cements  and  portland  cements  at 
all  ages  of  test.  This  is  plainly  seen  in  the 
center  diagram  of  figure  3. 

These  g(  neral  relations  hold  for  all  three 
of  the  portland  cements  used.  The 
trends  broughl  ou1  for  compressive  strength 
art  charactei  ist  ic  of  flexure  except  '  hal  they 
are  not  so  pronounced:  See  table  0  and 
figure   I 

*  Tests  of  Concrete  Containing  Air-Entraining  Portland 
Cements  or  Air- Entraining  Material*  Added  (0  Hatch  at 
Mirer,  by  It.  P.  Uonncrmari;  Journal  of  the  American 
Concrete  Institute,  vol.  16,  No.  6,  June  1944,  p.  17". 


Cements  » 


Slump 


At 

Al  +  I  . 
Al+IIa 

Al  +  I  lb 
Al  +  III 

Al+VI 

111  + 1 la 
HI  + 1  lb 
It! +  111 
Bl+V.. 
Bl+V  I. 


'  Mix  by  dry  weight,  in  pounds— 94  :  194  :339,  using  1-inch 
to  No.  I  Nominal  cement  factor =i  ■  cubic 

yard. 

•  Where  natural  or  slag  cement  was  used,  proportion 
ment  to  1 1  percent  natural  o 
cement,  by  wi 

8  Where  natural  or  slag  anient  was  used,  94  pound 
considered  as  1  bag. 


DRYING    SHRINKAGE    \M>    FREEZING 
\\l>  THAWING  TIM  S 

The  tests  comprisii  -  of  this  ii 

gation  were  designed  to  study  drying  shrinkage 
and  resistance  to  alternate  freezing  and  thaw- 
ing in  water,  and  to  study  the  effect  of  initial 
curing  and  an  interruption  in  the  freezing 
and  thawing  cycle.  Two  of  the  nonair- 
entraining  portland  cements,  the  two 
entraining  portland  cements,  and  blends  of  the 
two  nonair-entraining  portland  cements  with 
five  of  the  natural  cements  and  the  slag 
•  nt  were  used.  The  nominal  cement 
factor  was  5.8  bags  per  cubic  yard.  Mix  data 
for  the  concn  in  table  7.     Poto- 

mac River  sand  and  '.'ravel,  of  grading  and 
other  physical  properties  shown  in  table  3, 
were  used  as  aggregates.  The  maximum  size 
of  the  aggregates  was  limited  to  1  inch  because 
of  the  small  size  of  the  test  specimens,  which 
were  3-  by   1-  by   16-inch  beam-. 

For  each   variable,  seven  3-    by    1-  by    16- 
inch    beai  made   for   test — three   for 


o o 

^ — . 


,_  600 

i 

Figure  2. — Relation  <•/  flexural  strength  m 

28  iln\  s  to  calculated  air  <  <>"  '<"  '■ 
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Table  8. — Drying  shrinkage,  series  2  tests 


Drying 

shrinkage  after  storage  ' 
for — 

Cements 

50 
days 

100 
days 

150 
days 

200 
days 

Al            - 

Percent 
0. 045 
.048 
.049 
.051 
.  058 
.049 
.049 
.045 

.040 
.042 
.045 
.045 
.046 
.043 
.048 
.040 

Percent 
0.  054 
.058 
.059 
.062 
.069 
.059 
.058 
.054 

.049 
.050 
.054 
.     .  054 
.055 
.051 
.056 
.049 

Percent 
a  (i.-,s 
.061 
.064 
.066 
.074 
.in,! 
.062 
.058 

.052 

.054 
.059 
.058 
.059 
.052 
.060 
.  052 

Percent 

n  nr.'i 

A2 

.062 

Al+I        -- 

.067 

Al+IIa --- 

.068 

Al+IIb 

.076 

Al+III  ... 

.06ti 

Al  +  V - - 

.063 

Al  +  VI -- 

.060 

Bl  - 

.053 

Be         - 

.055 

Bl+I - 

.061 

Bl+IIa                  

.059 

Bt+IIb 

.061 

Bl+III 

.053 

Bl  +  V. 

.061 

Bl  +  VI 

.053 

1  Specimens  were  3-  by  4-  by  16-inch  beams.  They  were 
stored  in  laboratory  air  at  70°  F.,  relative  humidity  50  per- 
cent.   Each  result  is  the  average  of  3  tests. 


drying  shrinkage,  two  for  freezing  and  thawing, 
and  two  for  flexural  strength  tests  as  a  stand- 
ard of  comparison  for  the  specimens  frozen 
and  thawed. 

The  specimens  for  drying  shrinkage  were 
stored  in  laboratory  air  maintained  at  a  con- 
stant temperature  of  70°  F.  ±2°  and  constant 
relative  humidity  of  50  percent  ±2  percent. 
Measurements  were  made  at  periodic  intervals. 

Two  groups  of  freezing  and  thawing  tests 
were  conducted.  In  the  first  group  the  tests 
were  made  on  specimens  cured  continuously 
in  moist  air  for  230  days  before  freezing  was 
started.  Sonic  tests  were  made  at  periodic 
intervals  on  these  beams  during  freezing  and 
thawing,5  and  flexural  strength  tests  were 
made  after  25  cycles  of  freezing  and  thawing. 
Companion  beams,  moist  cured  continuously, 
were  also  tested  for  flexural  strength  at  the 
same  age  as  those  subjected  to  freezing  and 
thawing. 

In  the  second  group  of  tests,  two  of  three 
specimens  previously  used  for  drying  shrink- 
age measurements  were,  at  the  conclusion  of 
the  drying  period,  soaked  in  water  for  7  days 
and  then  frozen  and  thawed  in  water,  using 
the  same  cycle  as  was  used  in  the  first  group. 
Freezing  and  thawing  was  discontinued  for 
128  days  at  the  end  of  60  cycles,  after  which 
the  cycles  of  freezing  and  thawing  were  again 
started. 

Values  for  percentage  of  contraction  in  air 
are  given  in  table  8.  The  initial  readings  were 
made  after  the  specimens  had  been  in  the  mold, 
under  wet  burlap,  for  24  hours.  The  speci- 
mens were  then  placed  in  air  storage  at  70°  F. 

5  Changes  in  the  modulus  of  elasticity  of  a  concrete  beam 
subjected  to  alternate  freezing  and  thawing  are  indicative  of 
the  progressive  disintegration  of  the  specimen.  The  modulus 
of  elasticity  can  be  determined  by  sonic  measurement  of  the 
specimen's  natural  frequency  of  transverse  vibration.  The 
specimen  is  electromechanically  vibrated  at  varying  frequen- 
cies and  an  electric  pick-up  registers  the  amplitude  of  vibra- 
tion, which  reaches  a  well-defined  peak  at  the  natural  fre- 
quency of  the  specimen.  The  modulus  of  elasticity  is  derived 
by  formula  from  the  weight  and  dimensions  of  the  specimen 
and  the  square  of  its  natural  frequency,  N2.  Comparison  of 
the  effects  of  freezing  and  thawing  on  beams  can  be  made 
directly  on  the  basis  of  N*  when  expressed  as  a  percentage 
change.  Details  of  the  sonic  test  are  given  in  Application  of 
Sonic  Method  to  Freezing  and  Thawing  Studies  of  Concrete, 
by  F.  B.  Hornibrook;  American  Society  for  Testing  Mate- 
rials Bulletin  No.  101,  December  1939,  p.  5. 
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AGE  AT  TEST-LOG  SCALE 
Figure  3. — Effect  of  blending  cements  on  the  compressive  strength  of  concrete 


and  50  percent  relative  humidity.  The  values 
shown  in  the  table  were  taken  from  smooth 
curves. 

As  may  be  seen  in  figure  5,  there  is  no  out- 
standing difference  in  the  shrinkage  of  con- 
crete made  with  any  of  the  cements  or  blends 
tested.  In  the  case  of  cement  A 1  blended  with 
the  air-entrained  natural  cement  lib,  the  curve 
indicates  slightly  greater  shrinkage  than  the 
other  cements  tested.  It  is  very  doubtful  that 
this  small  difference  is  significant.  There  is 
also  a  slight  difference  in  the  shrinkage  char- 


acteristics of  concrete  containing  cement  A  as 
compared  to  cement  B,  but  this  may  be  a 
function  of  their  composition.  The  principal 
difference  in  compound  composition  between 
the  two  cements  is  the  tricalcium  aluminate 
content,  in  which  cement  A  is  high  (12  per- 
cent) while  cement  B  is  low  (6  percent). 

The  first  group  of  freezing  and  thawing  tests 
was  made  on  3-  by  4-  by  16-inch  concrete 
beams  cured  continuously  in  moist  air  for  230 
days  before  freezing  started.  The  specimens 
were  frozen  and  thawed  immersed  in  water. 


34 


December  1947     •     PUBLIC  ROADS 


o 

CO 

or 

UJ 
Q. 

CO 

CD 


UJ 

or 

3 
I- 
0- 

r> 


CO 

3 
_J 

Q 
O 


800 

600 

400 

200 

0 
800 

600 

400 

200 

0 
800 

600 

400 

200 

0 
DAYS    -3    7 
YEARS- 


Al  + 

m 

A  1 

yy' 

2 

// 
1/ 

CEMENT  A 

Al      *i+£^, 

/ 

a  i  ,+nrax^" 

f 

^0 

^A  1  +EZ"b 

Al  v 

ai  +m 

>^_ 

A 

1     rY 
1  ^-? 

Nai 

+1 

B 

i  +m^ 

3  ; 

„_~- 

^■"N 

VB 

2 

CEMENT 

E 

Ibi 

B  1  +ETa 

Ji^ 

B  1  Xjla^k 

^ 

r^^ 

\r      *»* 

_^- 

r**' 

/    / 

f\ 

/    /, 

B  1  tEb 

'     '  S 

^ 

■\ 

!  1  -rEZb 

CEMENT    C 


CI 

/  / 

/  / 

1  +^ZL 

/ 

/ 

r 

C  1  +1 

c  i  tr 

[a 

b 

=<T 

tn 

\ 

;  1  +EZb 

28 


180 


3    7 


28 


180 


14  14 

AGE   AT  TEST- LOG   SCALE 
Figure  4. — Effect  of  blending  cements  on  thefiexural  strength  of  concrete. 


the  temperature  range  being  from  70°  to 
—  20°  F.  The  natural  frequency  of  vibration 
of  each  specimen  was  determined  sonically  at 
70°  F.  just  before  freezing  and  thawing 
started  and  at  the  completion  of  each  five 
cycles  of  freezing  and  thawing.  The  results  of 
these  tests  are  shown  in  table  9  and  are  plotted 
in  figure  6.  The  test  was  discontinued  at  the 
end  of  25  cycles  because  of  the  marked  reduc- 
tion in  natural  frequency  exhibited  by  most  of 
the  specimens.  The  specimens  were  then 
tested  as  beams  and  thefiexural  strengl  b  deter- 
mined. At  the  same  time  continuously  moist- 
cured  companion  specimens  that  had  not  I 
frozen  and  thawed  were  tested,  and  the  reduc- 
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tion  in  strength  caused  by  freezing  and  thaw- 
ing computed. 

In  table   10  are  given  the  fle.xural  sin  i 
data  and  i  ■  ■  .-drop  in  lulus 

of  elasticity  expressed   in   term  fre- 

qui  acj  squared,  V  l  he  valu<  foi  modulus 
of  rupture  of  the  unfrozen  specimens  refer  to 
the  -Mi  al  were  stored 

in   moisl    air  continuously  and  tested  at   the 
same  time  the  specimens  subjected  to  alter- 
cate freezing  and  thawing  wen  I.    These 
values    are    used    in    compu            the    vs 
tabulate  d  as  reduction  in  modulus  of  rupture. 

\m  unii  weight  determinations  were  n 
for  the  concrete  mixes  used  in  the  serii 


Table  9. — Reduction   in  frequency  squared 
of  beams1  frozen  and  thawed  in    water, 

scries  2  tf-l* 

Reduction   in   frequency   sqoari 


Cements 

Qt)  after  freei 
thawing  for — 

ing  and 

5  cycles 

10 

15 

Al 

34 
15 
23 

19 
13 

15 
40 

51 
12 
32 
63 
15 
11 
12 
53 

43 
21 
35 
69 
25 
18 
22 
61 

14 

- 

23 

17 

19 

75 

58 
24 
37 

;: 

28 

27 

72 

M 

71 
88 
32 
25 
28 
85 

31 
51 

41 
29 
31 

71 
91 
35 

32 
91 

72 



Al+I... 

At  +  ria.... 

Al+IIh 

Ai+m... 

4H 



Al+VI 

m 

i 

m 

31 

Bi+i... 

80 

Rl+IIa.  . 

Bl+IIb. 

Bt+III     . 

33 

Hl+V.. 

- 

Bl  +  VI 

1  The  3-  by  4-  by  16-inch  beams  were  stored  continuously  in 
moist  air  for  230  days  before  freezing. 

ten  value  is  the  average  of  readings  taken  on  3-  and 
4-inch  axes  of  2  beai 


.  and.  therefore  it  was  not  possible  to 
compute  the  air  contents  of  these  mixes.  In 
order  to  obtain  data  on  their  relative  air  con- 
tents a  supplementary  series  of  tests  was  run 
later.      These    data    arc    shown    in    table    11. 

paring  the  calculated  values  for  air  con- 
tent as  shown  in  this  table  with  the  correspond- 
ing values  for  the   mixes   used  in  series   1   as 
shown  in  table   I,  it  is  found  that  in  the  c 
of  those  combinations  which  can  be  classified 

onair-entraining  the  values  for  sen- 
are  slightly  lower  than  those  for  series  1. 
However,  the  differences  average  less  than 
0.5  percent.  In  the  case  of  the  concretes  that 
can  be  classed  as  air  entraining  -those  made 
with  cement  A?  and  the  combinations  of  .1/ 
and    Hi   with   natural   cements   lib,   III.  and 

Table  10. — Reduction  in  modulus  of  rupture 
and  frequency  squared  <>/  beams  '  after 
25   cycles    of    fm-zinu    ami    thawing    in 

H  (If  er.  scries  2  tests 


Cements 


Al 

Al+I— . 

At+llb. 
A1+11I-. 

Al+VI.. 


litis  of 

rupture  !  of— 


Un- 
frozen 
speci- 
mens 3 


790 

7711 
7.11 1 


Frozen 

S|X'Ci- 


ion  in  — 


Modu- 
lus of 
ruPi 
ture 


sq.  in. 
130 
180 


ni 

B 
Iil+Ih. 

ni+m. 

Bl+V.. 

w  +  vi 


1111 

- 

- 

200 

l'<r- 
ccnt 

4o 

- 

77 

17 
89 


Fre- 
quency 


/Vr- 
ctnt 


72 


33 
82 
92 

93 


1  The  3-  by  4-  by  16-Inch    beams  V 
in  mi  Ing 

led  with  centi 

beam  as  molded  was  In  I 

nuously 
ted,  and  »•  'he 

and  than  ing  specimens 
•  Values  are  based  on  the   i 

l-incli  ims. 

4  One  test  onlj . 
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CYCLES     OF     FREE2ING     AND     THAWING    IN    WATER 
Figure   5. — Effect   of   blending   cements   on   drying   shrinkage   of      Figure   6. — Effect  of  blending  cements  on   resistance  of  concrete 

concrete.  to  freezing  and  thawing. 
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Figure   7. — Relation    of  reduction  in  flexural  strength   to  reduction  in 
frequency  squared  after  25  cycles  of  freezing  and  thawing, 


V — the  values  in  series  2  are  somewhat  higher, 
the  average  difference  being  about  1.2  percent. 
The  one  exception  is  air-entraining  cement 
A2  which  shows  lower  air  content  in  series  2. 


?upple- 


Cement  B2  was  not  available  for  the 
mentary  test  in  series  2. 

Due  to  the  fact  that  no  determinations  of 
air  content  were  made  on  the  concrete  actu- 


Table  11.— Mix  » 

data,  series  2  supplemental  tests2 

Cements  3 

Water  con- 
tent « 

Wc> 

Slump 

Weight 
of  fresh 
concrete 

Actual 
cement 
content  < 

Air  content 

Calculated 

Measured 8 

Al 

Gal.  per  bag 
5.8 
5.7 
5.8 
5.8 
5.8 
5.8 
5.8 
5.8 

5.9 

0.169 
.168 
.169 
.169 
.169 
.169 
.169 

.  .169 

.172 

Inches 
3.5 
3.8 
3.6 
2.6 
4.2 
3.7 
3.5 
3.2 

3.6 

Lb.  per 
cu.  ft. 
147.8 
146.4 
146.4 
147.2 
138.9 
142.9 
141.9 
147.0 

147.6 

Bags  per 
cu.  yd. 
5.8 
5.8 
5.8 
5.8 
5.5 
5.7 
5.6 
5.8 

5.8 

Percent 
0.9 
2.0 
1.7 
1.1 
6.7 
4.0 
4.7 
1.2 

.9 

Percent 

1.7 
2.6 
2.5 
1.6 
7.3 
5.0 
5.3 
2.1 

1.4 

A2 

Al+I... 

Al+IIa 

Al+IIb  .. 

Al+III 

Al  +  V 

Al  +  VI 

£7. . 

£2? 

Bl+I 

5.9 
6.0 
5.9 
5.9 
5.9 
6.0 

.172 
.174 
.172 
.172 
.172 
.174 

3.1 

3.4 
4.1 
3.5 
3.4 
3.4 

146.2 

147.0 
139.7 
143.1 
142.3 
147.0 

5.8 
5.8 
5.5 
5.7 
5.6 
5.8 

1.7 
.9 
6.1 
3.7 
4.3 
.9 

2.0 
1.7 
6.8 

4.8 
5.5 
1.8 

►     1 

Bl+IIa 

Bl+IIb 

Bl+III 

Bl+V. 

Bl+VI. _.. 

i  Mix  by  dry  weight,  in  pounds=94:194:339,  using  1-inch  to  No.  4  gravel. 

2  These  mixes  were  made  about  2H  years  after  the  original  mixes  in  series  2  to  check  air  content.    The  cements  were  the 
same  as  used  in  the  original  series. 

3  Where  natural  or  slag  cement  was  used,  proportions  were  86  percent,  portland  cement  to  14  percent  natural  or  slag  cement 
by  weight. 

4  Where  natural  or  slag  cement  was  used,  94  pounds  was  considered  as  one  bag. 
*  Water  per  unit  volume  of  concrete,  based  on  actual  yield  test. 

6  Using  Pearson  pycnometer. 
i  Cement  Bi  was  not  available. 


ally  used  in  the  freezing  and  thawing  tests, 
only  general  reference  to  the  relative  air  con- 
tents as  "high"  or  "low"  is  made  in  the  dis- 
cussion of  these  data.  It  is  felt  that  the  values 
reported  in  tables  4  and  11  are  sufficiently 
consistent  to  warrant  this  classification. 

Referring  to  the  left-hand  diagram  in  figure 
6  (which  gives  the  results  for  cement  .4),  it  is 
noted  that  there  is  a  marked  difference  in 
resistance  to  freezing  and  thawing  resulting 
from  the  use  of  different  blends.  The  greatest 
reductions  in  N2  were  found  with  blends  con- 
taining natural  cement  I  la  and  the  slag  cement 
VI,  The  plain  portland  cement  Al  gave  re- 
sults but  slightly  better.  These  concretes  all 
had  low  air  contents. 

Greatly  increased  resistance  was  obtained 
with  the  air-entraining  portland  cement  A2 
and  with  the  blends  of  Al  with  natural  ce- 
ments lib,  III,  and  V,  all  of  which  gave  rela- 
tively high  air  contents  in  concrete.  The 
blends  containing  natural  cement  /  gave  in- 
termediate results.  The  air  content  of  these 
concretes  could  be  classed  as  intermediate. 

In  the  right-hand  diagram  of  figure  6  are 
shown  similar  curves  for  cement  B.  The 
essential  difference  between  these  results  and 
those  for  cement  A  is  the  poorer  resistance 
shown  for  the  plain  portland  cement  and  the 
blends  containing  cements  Ila  and  VI.  In 
this  case  there  is  a  greater  spread  between  the 
concretes  of  poor  resistance  and  those  showing 
good  resistance  than  with  cement  A.  The 
results  with  blends  of  cement  Bl  confirm  the 
conclusion  from  the  results  with  cement  Al 
that  the  amount  of  entrained  air  is  the  govern- 
ing factor  between  good  and  poor  resistance  to 
the  action  of  freezing  and  thawing  in  water. 
The  order  of  resistance  using  cement  Bl  was, 
with  one  exception,  the  same  as  that  with 
cement  Al. 

The  reduction  in  natural  frequency  squared 
(iV2)  was  accompanied  by  a  corresponding 
reduction  in  flexural  strength.  This  relation 
is  shown  in  figure  7.  The  data  indicate  that 
the  reduction  in  flexural  strength  can  be  pre- 
dicted with  reasonable  accuracy  from  a 
determination  of  the  reduction  in  N2. 
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CEMENT  A 


A  1  +V 



A  :  tE^T- 

A  I  +m  s 

1     DAY 
260    DAY! 

7     DAYS 

NITIAL 

IN    MOLDS 

CURING 
AT  70*  F. 

IN    WATER    AT   70 

F. 

50       0       25      50      75      100 
CYCLES  OF  FREEZING  AND  THAWING  IN  WATER 


CEMENT    B 


\  v 

>—                                  b i +n  a 

B  2 

' §_ 

-+* 

INITIAL    CURING 
1     OAY    IN    MOLOS    AT   70*  F. 

50%  RH 
F. 

260    DAYS 
7    DAYS 

IN    AIR    AT     70'F., 
IN    WATER    AT   70* 

50  0  25 

CYCLES    OF    FREEZING    AND    THAWING    IN    WATER 


Figure  8. — Effect  of  blending  cements  on  resistance  of  concrete  to  freezing  and  thauing. 


A  second  set  of  beam  specimens  in  series  2 
(the  same  specimens  used  for  shrinkage 
measurements)  were  cured  under  wet  burlap 
for  24  hours,  followed  by  storage  in  laboratory 
air  at  70°  F.  and  50  percent  relative  humidity 
for  260  days.  They  were  then  placed  in  water 
for  7  days,  after  which  they  were  frozen  and 
thawed  in  water,  using  the  procedure  pre- 
viously described.  At  the  end  of  60  cycles  of 
freezing  and  thawing,  at  which  time  many  of 
the  specimens  had  disintegrated,  the  test  had 
to  be  discontinued  temporarily  because  of 
other  needs  for  the  freezing  equipment. 
Those  specimens  still  remaining  were  stored 
in  water  at  70°  F.  for  128  days,  after  which 
they  were  again  subjected  to  the  freezing  and 
thawing  cycle.  To  simplify  discussion,  the 
first  group  of  60  cycles  of  freezing  and  thawing 
is  referred  to  as  the  first  phase  and  the  second 
group  of  freezing  and  thawing  cycles  following 
the  128-day  rest  period  as  the  second  phase. 

Results  of  these  interrupted  freezing  and 
thawing  tests  are  given  in  table  12  and  are 
shown  graphically  in  figure  8.  The  data  for 
cement  A  in  table  12  and  figure  8  indicate  very 
rapid  deterioration  during  the  first  phase  for 
the  plain  portland  cement  Al  and  the  blends 
which  had  low  air  contents.  Air-entraining 
cement  A2  and  the  blends  which  had  high 
air  contents,  however,  showed  greatly  su- 
perior resistance  in  comparison.  These  com- 
binations showing  good  resistance  were  the 
same  as  those  showing  good  resistance  in  the 
tests  made  after  continuous  water  curing 
(see  fig.  6).  However,  the  shapes  of  the 
curves  are  reversed.  The  general  trend  at 
60  cycles  was  a  rapid  drop  in  N*.  As  pre- 
viously explained,  those  combinations  which 
had  not  failed  at  60  cycles  were  stored  in  water 
for  128  days.  At  the  end  of  this  period  they 
recovered  the  loss  in  AT2  indicated  at  60  cycles 
and  gained  about  45  percent  over  the  initial 
amount  indicated  before  the  first  phase  of 
freezing  and  thawing.  As  may  be  seen  from 
the  curves  for  the  second  phase,  the  rate  in 
reduction  of  N2  was  very  rapid  for  the  first 
20  cycles  of  freezing  and  thawing  but  there- 
after, with  the  exception  of  the  curve  for  air- 
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entraining  cement  A2,  the  rate  was  relatively 
slow.  At  145  cycles  of  freezing  and  thawing 
the  value  of  A"  for  the  three  blends  was  about 
the  same  as  that  obtained  at  the  start  of  the 
first  phase  of  the  test. 

The  shapes  of  the  curves  for  the  second 
phase  are  not  the  same  as  those  for  the  first 
phase  but  are  more  like  those  shown  in  figure 
6.  Apparently  the  resistance  to  deterioration 
is  influenced  by  the  curing  and  the  moisture 
condition  of  the  specimens  at  the  time  freezing 
and  thawing  is  started,  which  accounts  for  the 
difference  in  the  shape  of  the  curve.  The 
curves  for  the  second  phase  of  cement  A  in 
figure  8  and  also  those  shown  in  figure  6 
represent  concretes  that  had  been  subjected 
to  prolonged  moist  curing.  Conversely,  the 
results  for  the  first  phase  in  figure  8  are  for 
concretes  exposed  to  the  drying  action  of  air 
at  70°  F.  and  50  percent  relative  humidity 
over  a  long  period  of  time. 

It  has  been  shown  by  other  investigations 
that  specimens  which  have  been  subjected  to 


cycles  of  freezing  and  thawing  will,  when  given 
a  rest  period  in  water,  show  a  recovery  in 
sonic  modulus  of  elasticity.8 

Weight  determinations  made  during  the 
first  phase  indicated  that  all  the  specimens 
absorbed  water  during  the  first  10  cycles  of 
freezing  and  thawing  and  some  continued  to 
gain  in  weight  up  to  40  cycles.  Those  spec- 
imens that  gained  the  least  in  weight  were 
those  which  showed  low  air  contents.  They 
also  broke  down  rapidly  in  the  freezing  and 
thawing  tests.  Those  specimens  that  gained 
the  most  in  weight  over  a  longer  period  were 
those  of  relatively  high  air  contents.  These 
gave  good  resistance  in  the  freezing  test.  The 
results  indicate  that  those  concretes  of  low 
air  content  were  practically  saturated  after  a 
7-day  immersion  period.  The  concretes  hav- 
ing relatively  high  air  contents  were  not  com- 
pletely saturated  at  the  end  of  the  7-day  im- 

•  Progress  Report,   Committee  on   Durability  of  Concrete; 
Proceedings  of  the  Highway  Research  Board,  vol.  24,  1944, 


Table  12. — Effect  of  interrupted  freezing  and  thawing  <>n  reduction  <>f  frequency   squared 
of  beams  l  frozen  and  thatoed  in  water,  series  2  testa 


Reduction  '  in  frequency  squared  (expressed  in                                 ting  and  tb 

Cements 

Number  of  cycles  in  first  freeiing  and 
thawing  phase 

Number  of 

In  second  freeiing  and  thawing 

10 

20 

30 

40 

50 

GO 

0 

20 

40 

60 

30 

100 

120 

145 

Al 

28 
2 

in 
It, 
0 
1 
2 
62 

50 
8 

24 

76 
3 
2 
S 

80 

50 
+6 
14 
74 
+5 
+0 
+1 

97 

:> 

3 
36 
93 
+2 
+  1 
2 
87 

(•) 

2 

tl 

(«) 

+4 

+4 

0 
(•) 

(«) 
9 
70 

(') 

AS                          

7 

eg 

15 
87 

17 

. 

53 

■ll  +  I 

Al+lla 

Al+IIb 

0 
2 

+2 
1 
3 

4 
9 
0 

+53 

+  11 

+  11 
+6 

- 
+5 

+4 
+5 

+  1 
+2 

+3 

A1+1II 

Al+V 

+2 

Al  +  VI 

111 

BS                               

84 

16 
95 

(') 

111+ 1 

1:     ■   II: 

Bl+IIb 

18 

+51 

1 

1 

11 

11 

BJ  ■  ///         

3          9  1      11 
12          17 

Bl  +  V 

BI+VI 

•  Specimens  were  3- by  4- b j  10-inch  beams  stored  in  la  rebamiditj 

folkm  in  w  iter  prior  to  ing. 

)  K  ,.  PlUS  vil'i' 

i    for  128  ds 

■  'les. 
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Table  13. — Mix1  data,  series  3  tests 


Table  14.— Weight  loss  of  the  core  tops  due  to  freezing  and  thawing,1  series  3  tests 


Cements  : 


slump 


Al 

AS 

A1+I-— 
Al+IIa.. 
Al+IIb.. 
Al+III- 
Al+IVa. 
Al+IVb. 
Al+V... 
Al  +  VI.. 


Bl. 


B1+I-  — 
Bl+IIa.. 
Bl+IIh.. 
B1+III-. 
Bt+IVa. 
Bl+IVb. 
Bl  +  V... 
Bl  +  VI.. 


<  'mi. iii 


Al 

A2 

Al+I... 
Al+IIa. 
Al+IIb. 
A1+1II. 
Al+IVa 
Al+IVb 
Al+V,.. 
Al+VI.. 

Bl 

Be 

Bl+I.... 
Bl+IIa. 
Bl+IIb.. 
Bl+III. 
Bl+IVa 
Bl+IVb 
Bl+V... 
Bl  +  VI.. 


Weight  loss  (expressed  in  percent)  after  freezing  and  thawing  for- 


25  cycles 


2.4 
0' 

t  9 
2!l 
0 
0 

.3 
0 
0 


1.7 
.2 
.6 

2.4 
.1 
.6 
.3 

0 

0 

4.2 


50  cycles 


5.7 
.1 
.8 

7.1 
.7 
.2 
.7 

0 


4.3 

.5 

2.2 

5.9 

.4 


1.4 

1.3 

.1 

.2 

9.2 


75  cycles 


.2 

1.3 

>47.2 

1.9 

1.0 

1.5 

.5 

.8 

4.1 

8.3 

1.1 

4.8 

9.8 

.9 

1.9 

2.2 

.6 

.8 

26.0 


100  cycles 


15.5 

.6 

2.8 

(4) 
3.5 
2.3 
3.1 
1.8 
2.3 

=  39.9 


11. 

2. 

9. 
3  69. 

1. 

3. 

3. 

1. 

2. 
(*) 


125  cycles 


(2) 


1.6 
5.4 


6.6 

4.4 
5.6 
4.9 
4.2 
M9.6 

17.4 
3.4 

16.6 
(8) 
3.7 
4.8 
6.6 
2.9 
3.6 


150  cycles 


3.1 
7.9 


9.2 

6.3 
7.1 
6.9 
6.1 
(s) 

»  48.1 

5.4 
28.5 


6.0 
6.6 
10.6 
4.5 
5.4 


175  cycles 


200  cycles 


5.3 

10.7 


14.7 
9.2 
10.1 
11.2 
9.0 


TO 

7.4 
2  59.1 


10.3 
10.2 
15.7 
7.2 
9.0 


7.1 
13.0 


19.4 
12.3 
12.3 
15.7 
11.1 


(') 


9.0 


13.5 
12.6 
21.0 
9.1 
11.0 


i  Mix  by  dry  weight,  in  pounds=94:177:358,  using  IK'-inch 
to  No.  4  gravel. 

2  Where  natural  or  slag  cement  was  used,  proportions  were 
86  percent  portland  cement  to  14  percent  natural  or  slag 
cement,  by  weight. 

3  Where  natural  or  slaglcement[was  used,  94  pounds  was 
considered  as  one  bag. 


CEMENT 


i  Tests  were  made  on  2-inch  disks  cut  from  the  tops  of  cores  6  inches  in  diameter  and  8  inches  in  height.     Freezing  and 
thawing  was  done  in  a  10-percent  calcium  chloride  solution.    Each  value  is  the  average  of  three  tests. 

2  Failed  at  125  cycles.        3  One  specimen  disintegrated,  and  weight  loss  was  assumed  to  be  100  percent  for  that  specimen. 


1  Failed  at  80  cycles. 
'  Failed  at  180  cycles. 
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10 
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\ 
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\ 
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A 

TOP"   \\ 

B  1 
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BOTTOM- 
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B  1  -KEZbi    it  i 

\ 

100       200 


CYCLES  OF  FREEZING  AND  THAWING 


>  Failed  at  130  cvcles. 
1  Farted  at  110  cycles. 


Failed  at  160  cycles. 


Figure  9.- 


•Weight  losses  of  disks  cut  from  tops  and  bottoms  of  frozen 
and  thawed  concrete  cores. 


mersion  period  and  continued  to  absorb  water 
during  the  freezing  and  thawing  cycle. 

The  foregoing  observations  are  offered  as  an 
explanation  of  the  shape  of  the  curves  for  the 
concretes  showing  good  resistance  in  the  freez- 
ing and  thawing  test  during  the  first  phase 
rather  than  as  an  explanation  of  the  difference 
in  behavior  between  air-entrained  and  non- 
air-entrained  concrete. 

Results  shown  in  figure  8  for  blends  with 
cement  B  parallel  very  closely  those  shown  for 
cement  A.  The  plain  cement  Bl  and  those 
blends  of  low  air  content  gave  very  poor 
resistance,  the  order  of  resistance  being  exactly 
the  same  as  with  cement  A.  Concretes  show- 
ing good  resistance  at  the  end  of  60  cycles  of 
the  first  phase  also  exhibited  about  the  same 
increase  in  iV2  during  the  128-day  water  storage 
period  as  was  shown  for  the  corresponding 
blends  of  cement  A. 

The  data  show  that  interrupting  the  daily 
cycle  of  freezing  and  thawing  and  allowing  the 
test  specimens  to  remain  unfrozen  in  water 
will  result  in  a  recovery  in  sonic  modulus. 

THE  EFFECT  OF  SEGREGATION 

The  tests  comprising  series  3  of  the  investi- 
gation were  designed  to  study  the  effect  of 
segregation  of  the  constituent  materials  due 
to  manipulation  of  the  surface  in  the  finishing 
operations  in  laboratory-mixed  concrete  placed 
to  simulate  pavement  construction  practice. 
Two  nonair-entraining  and  two  air-entraining 
portland  cements,  and  blends  of  the  two 
former  with  each  of  the  seven  natural  cements 
and  the  slag  cement  were  used.  Mix  data 
are  given  in  table  13.  Grading  and  other 
physical  properties  of  the  aggregates  used  are 
shown  in  table  3.  Experience  has  shown  that 
the  typical  Potomac  River  sand  grading  used 
in  the  series  1  and  2  tests  does  not  induce 
appreciable  bleeding  or  water  gain  in  concrete; 
and  on  this  account  a  somewhat  coarser  sand 
was  used  in  the  series  3  tests.  The  coarse 
aggregate  was  the  same  as  that  used  in  series  1. 

The  specimens  for  the  tests  were  slabs  2  feet 
square  and  8  inches  thick,  cast  in  forms  2  feet 
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Table  15. — Weight  loss  of  the  core  bottoms  due  to  freezing  and  thawing, '  series  3  tests 


Cements 


Al 

AS 

At+I... 
Al+IIa. 
Al+IIb  5 
Al+III.. 
Al+IVa. 
Al+IVb, 
Al+V... 
Al+VI.. 

Bl 

B2 

Bl+L... 
Bl+IIa. 
Bl+Ilb.. 
Itl+III.. 
Bl+IVa. 
Bl+IVb. 
BI+V... 
Bl  +  VI.. 


Weight  loss  (expressed  in  and  thawing  for— 


- 


50  cycles 


0.9 
.5 
.2 

1.1 

L.S 

0 
.5 
.  i 
.6 
.8 

2.0 
.1 
1.1 
2.5 
.4 
.2 


1.8 

1.4 


75  cycles 


1.6 

6 

.0 
3.3 

2 
.2 

.7 

.4 

.7 

2.1 

3.5 
.1 

2.  I 

5.3 

.5 

.  I 

1.4 

1.0 

2.  5 

12.8 


100  cycles  125  cycles 


2.7 

.7 
1  5 
7.7 
I  9 

.8 

1.4 

I 

1.5 

6.0 

4.5 
.2 

5.8 


(') 


.9 

.6 

2.2 

1.7 

3.9 


(») 


1.2 
3.3 

11.1 
1.7 
2.8 
1.5 
2.3 
9.7 

7.0 
.3 

10.0 


2.3 

1.0 
3.8 
2.9 

5.7 


150  cycl  cycles 


1.9 

• 

4.0 
2.  3 

I   l 
241.9 

11.  6 

.8 

1 5. 0 


1.7 
5.4 
4.6 

7.7 


3.  5 

7.2 


1.8 

1.2 
7.0 

(6) 

20. 1 

1.7 
J  55. 1 


9.2 
3.1 
8.0 
11. G 
12.1 


(J) 


4.5 


8.  1 


"  47.  1 
2.3 


• 

4.0 
10:9 
17.7 
16.7 


i  Tests  were  made  on  2-inch  disks  cut  from  the  bottoms  of  cores  6  inches  in  diameter  and  8  inches  in  height.    Freezing  and 
thawing  was  done  in  a  10-percent  calcium  chloride  solution.    Each  value  is  the  average  of  three  tests  except  as  noted. 

>  One  specimen  disintegrated,  and  weight  lo     we        umed  1    b<   100] :    n  thai    pecimen. 

'  Failed  at  190  cycles.  «  Failed  at  140  cycles.  2  tests  only. 

«  Failed  at  170  cycles.  7  Failed  at  100  (■.  i  led  at  90  cycles. 


wide  by  4  feet  long  and  screeded  with  an  8-inch 
screed  weighing  100  pounds  per  foot. 

A  tar-paper  separator  installed  full  depth 
midway  in  the  form  made  it  possible  to  obtain 
two  2-  by  2-foot  test  slabs  without  restricting 
the  lateral  movement  of  the  concrete  caused 
by  the  reciprocating  motion  of  the  screed. 
The  screed  was  operated  with  its  long  axis 
parallel  to  the  4-foot  axis  of  the  slabs.  Fol- 
lowing two  passes  of  the  screed,  the  slabs  were 
belted  in  a  manner  similar  to  that,  employed  in 
actual  road  practice.  The  procedure  de- 
scribed was  carried  out  to  simulate  construc- 
tion practice  and  to  induce  bleeding  in  the  slabs 
similar  to  that  which  frequently  occurs  in  the 
field  The  slabs  were  cured  the  first  24  hours 
under  wet  burlap  in  the  laboratory,  followed 
by  1  year's  curing  in  the  moist  room.  Five 
cores  6  inches  in  diameter  were  then  drilled 
from  each  slab.  These  cores  were  returned  to 
the  moist  room  for  another  year  of  curing, 
after  which  2-inch  disks  were  cut  from  the 
tops  and  bottoms  of  three  of  the  five  cores 
from  each  slab.  These  disks  were  returned  to 
the  moist  room  for  another  15  days'  curing, 
after  which  they  were  air-dried  at  70°  F.  and 
50  percent  relative  humidity  for  7  days. 
They  were  then  immersed  in  a  lO-pem  n 
calcium  chloride  solution  for  24  hours  before 
being  subjected  to  alternate  freezing  and 
thawing  in  a  10-percent  calcium  chloride 
solution.  The  disks  were  approximately  750 
days  old  when  freezing  started. 

The  weight  losses  after  freezing  and  thawing 
are  given  in  table  14  for  the  disks  cut  from  t  he 
tops  of  the  cores,  and  in  table  15  for  those  cu1 
from  the  bottoms.  The  data  are  shown 
graphically  in  figure  9.  The  dottcd-line  curves 
in  each  chart  represent  the  weight  loss  curves 
for  the  portland  cements  Al  and  Bl,  and  are 
provided  for  comparison  with  weight-loss 
curves  for  the  blends. 

In  general,  the  bottoms  of  the  cores  showed 
more  resistance  to  freezing  and  thawing  in 
calcium  chloride  solution  than  the  top  I 
were  only  three  exceptions  out  of  20  cen 
combinations.  The  plain  portland  cement 
concretes  Al  and  Bl  and  the  blends  Al  II", 
Al  +  IIb,     Al  +  VI,     lil  +  1,    Bt  +  Ua,    and 
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Bl  +  VI  all  showed  relatively  poor  resistance 
to  freezing  and  thawing  in  calcium  chloride 
solution.  Four  of  .the  blends,  Al  +  IIa, 
Al  +  VI,  Bl  +  IIa,  and  Bl  +  VI,  had  poorer 
resistance  than  the  comparable  plain  portland 
cements,  whereas  the  air-entraining  portland 
cements  and  the  blends  of  higher  air  content 
were  of  benefit  in  producing  better  resistance 
than  was  furnished  by  the  plain  cement.  This 
confirms  the  conclusion  based  on  freezing  and 
thawing  tests  of  beam  specimens  in  water. 
The  improvement  in  resistance  over  the  plain 
portland  cement  concrete  was  generally  more 
pronounced  for  the  tops  than  for  the  bottoms 
of  the  cores. 

The  remaining  two  cores  of  the  original  five 
drilled  from  each  slab  were  given  approxi- 
mately 15  months'  additional  moist  curing, 
after  which  2-inch  di>ks  were  cut  from  the  tops 
and  bottoms  of  each  core  and  tested  for 
specific  gravity  and  absorption.  These  disks 
were  approximately  830  days  old  when  tested. 


Upon  removal  from  mo:  •  they  were 

dried  to  constant  weight  at  350  I  .  They 
;:en  boiled  for  5  hours  and  allowed  to 
stand  in  water  for  19  additional  hours,  after 
which  they  were  again  weighed.  From  these 
data,  absorptions  and  specific  gravitii 

dated  by  two  different  methods:  First, 
on  the  basis  of  weights  resulting  from  curing 
for  830  days  in  moist  air  ai  I,  on  the 

basis    of    weights    after    boiling    for    5    hours 
followed  by  immersion  for  19  hours. 

From  the  results  given  in  table  16  it  is 
readily  apparent  that  the  disks  from  the  top 
showed  higher  absorption  than  those  from  the 
bottom  of  the  slabs.  This  was  true  irrespec- 
tive of  whether  plain  portland  cement,  air- 
entraining  portland  cement,  or  blended  ce- 
ment was  used.  The  disk-  ting  air- 
entrainin:  owed  nearl;.  as  great  a 
difference  between  top  and  bottom 
representing  concrete  in  which  the  amount  of 
entrained  air  was  low. 

The  use  of  air-entraining  concrete  did  affect 
ratio  of  absorption  after  boiling  for  5  hours 
to  absorpf  ion  due  to  moist  curing  for  830  daj  s. 
1  onsidering  the  plain  portland  cements  and 
the  blends  containing  natural  cements  Ha, 
IVa,  and  VI,  it  will  be  noted  that  approxi- 
mately the  same  values  were  obtained  for 
absorption  in  both  tests.  Those  combinations 
all  had  low  air  content-.  The  blends  con- 
taining cements  ///,  and  /  I  b  gave  much  higher 
values  for  absorption  in  the  5-hour  boiling 
test  than  in  the  830-day  moist  curing  test. 
These  two  blends  showed  the  highest  air 
contents  of  any  concretes  te- 

SUMMARY 

The  following  summarizes  the  tesl  r< 

1.  Blends  containing  the  nonair-entraining 
natural  cements  had  higher  strengths  than 
blends  of  air-entraining  natural  <■■  at  all 
ages  of  test. 

2.  For  all  combinations  the  strengths  of 
the  concretes  were  inversely  proportional  to 
t  he  air  contents. 


Tabic-  16. — Specific  gravity  and  absorption  of  disks  cut  from  /<>;»>  and  bottoms  of  cores,1 

scries  .1  /es/s 


Cements 


At 

I 
Al+I... 
Al+IIa. 
Al  +  IIb. 
Al+III. 
Al+IVa 
Al+IVb 
Al+V.. 
Al+VI. 

Bl 

Bl+IIa. 

Bl  +  IVa 

B       I 
Bl+VI. 


c    gravity,1 

tviO   days'   moist 
curing 


Top 


2.  43 

2.41 
2.  12 
2. 33 

2.35 

2.  42 
2.  1 1 

2.  II 
2.  3 1 

2. 33 

2.  12 


Bottom 


2  17 

2.  45 

- 
2  U 
2.  4:! 

2.41 
2.  16 

2.. ■*  \ 
2  12 
2    15 

2  II 
2.  1 1 
2.  II 


- 
days'  moisl  I 


Top 


/  'i  re<  at 

- 

- 

6.  27 
6.  10 

5.71 


1.27 

1.50 
1.62 

i     - 

1.84 
1.76 

I  -  ■ 

1.70 

i  - 


gravity 


Top 


2  29 
2.20 

2.21 

- 

2  29 

2  21 

2  27 
2.  21 

2,  19 

2  21 


2.  :!2 
2  27 


ition,1 
5  hours'  boiling 


Top 

l  94 

7.01 

- 

2-inch  disks  cut  from  the  top 

value  average  of  two 

Bulk  specific  gravity  based  on  the  wet  wolgl  -  ur. 

lays  in  in. list  air. 

•  Hulk  specific  gravity  Based  on  weight  after  ti  r  V. 

I  on  weigh!  after  5-hour  boiling  and  19  hours  In  ■> 


39 


3.  The  blends  of  the  slag  cement  with  each 
of  the  three  portland  cements  had  equal  or 
higher  strengths  at  1  year  than  the  same 
Portland  cements  without  blending. 

4.  There  were  no  outstanding  differences 
in  the  drying  shrinkage  characteristics  of  con- 
cretes made  with  any  of  the  cement  combina- 
tions tested. 

5.  Greatly  increased  resistance  to  freezing 
and  thawing  in  water  was  obtained  with  the 
air-entraining  portland  cements  and  with  the 
blends  which  produced  relatively  high  air 
contents  in  concrete. 


6.  In  the  interrupted  cycles  of  freezing  and 
thawing  in  water,  only  those  concretes  having 
relatively  high  air  contents  had  sufficient 
resistance  to  disintegration  to  survive,  as 
indicated  by  a  drop  in  N2  of  less  than  25  per- 
cent in  the  first  phase  of  60  cycles.  After  a 
further  storage  period  of  128  days  in  water 
these  same  high-air  concretes  developed 
further  resistance  as  indicated  by  a  recovery 
of  TV2  that  surpassed  the  initial  reading  at  the 
start  of  the  first  phase.  In  the  subsequent 
freezing  and  thawing  (second  phase)  they 
showed  better  resistance  than  they  did  at  60 
cycles  in  the  first  phase. 


7.  Under  continued  moist  curing,  concretes 
with  the  lower  percentages  of  entrained  air 
absorbed  their  maximum  capacity  for  water; 
those  containing  high  percentages  of  air  did 
not,  but  the  voids  filled  with  water  after  the 
drying  and  boiling  treatment. 

8.  In  practically  all  cases,  the  bottoms  of 
the  cores  gave  better  resistance  to  freezing 
and  thawing  in  calcium  chloride  solution  than 
the  tops.  The  air-entraining  portland  ce- 
ments and  in  general  the  natural  cement 
blends  gave  better  resistance  than  the  plain 
portland  cements. 


New  Publications 


The  Public  Roads  Administration  has  re- 
cently issued  a  new  bulletin,  Highway  Sta- 
tistics, Summary  to  1945,  in  which  is  pre- 
sented historical  information  of  general  interest 
on  the  subjects  of  motor  fuel,  motor  vehicles, 
highway-user  taxation,  highway  finance,  and 
mileage.  Most  of  the  statistics  are  carried 
back  over  periods  of  from  20  to  50  years,  as 
available  data  permitted.  A  brief  explanatory 
test  is  included. 

The  new  bulletin  provides  background  for 
the  annual  series  begun  with  the  issuance  of 


Highway  Statistics,  1945.  The  second  an- 
nual publication,  Highway  Statistics,  1946, 
will  be  available  about  December  21.  All  of 
these  bulletins  are  for  sale  by  the  Superin- 
tendent of  Documents,  U.  S.  Government 
Printing  Office,  Washington  25,  D.  C.,  at  the 
following  prices: 

Highway  Statistics,  Summary  to  1945, 
40  cents. 

Highway  Statistics,  1945,  35  cents. 

Highway  Statistics,  1946,  about  35  cents 
(available  after  December  21). 


Work  of  the  Public  Roads  Administra- 
tion, 1947,  the  annual  report  of  the  Public 
Roads  Administration  for  the  fiscal  year 
ended  June  30,  1947,  is  now  available  from 
the  Superintendent  of  Documents  at  20  cents 
a  copy. 
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Traffic  Trends  on  Rural  Roads  in  1946 


BY  THE  DIVISION  OF  HIGHWAY  TRANSPORT  RESEARCH 
PUBLIC  ROADS  ADMINISTRATION 


Reported  by  THOMAS   B.   GIMMICK,   Highway  Economist 

and   MARY   E.   KIPP,  Statistician 


Total  rural-road  traffic  in  1946  broke  all 
previous  records,  exceeding  the  previous 
high  in  1941  by  a  slight  margin.  The  sea- 
sonal summer  peak  in  1946,  however,  was 
somewhat  less  than  that  in  1941. 

On  the  main  rural  roads  of  the  country, 
travel  in  1946  was  over  124  billion  vehicle- 
miles,  of  which  about  80  percent  was  by 
passenger  cars.  Commercial  vehicles  car- 
ried 21  percent  more  ton-mileage  of  freight 
in  1946  than  in  the  previous  year,  but  the 
proportion  of  trucks  loaded  dropped  6  per- 
cent. The  average  weight  of  carried  load 
remained  about  the  same. 

The  sharp  rise  in  use  of  heavier  commer- 
cial vehicles  that  occurred  during  the  war 
was  undiminished  in  1946.  Truck-combi- 
nation travel  was  27  percent  higher  than  in 
1941.  Axle  loads  were  31  percent  heavier 
than  in  the  prewar  period,  and  the  frequen- 
cy of  heavy  axle  loads  was  five  times  greater. 
Gross  loads  have  also  increased  greatly,  and 
heavy  loads  are  far  more  common  than  in 
the  prewar  period. 

TRENDS  in  total  rural  traffic  reported  in 
this  analysis  are  derived  largely  from  the 
records  received  from  approximately  670  auto- 
matic traffic-recorder  stations  operated  con- 
tinuously throughout  the  year  on  rural  roads 
in  48  States.  The  automatic-counter  records 
provide    no    classifications    by    vehicle    type. 
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Such  information,  and  trends  in  volumes, 
weights,  and  characteristics  of  truck  traffic 
reported  here  were  obtained  from  the  summer 
survey  described  in  another  part  of  this  article. 
Supplemental  counts  made  by  many  States 
yielded  valuable  information  concerning  total 
traffic  and  the  classification  of  vehicles.  Con- 
sideration has  been  given  to  all  available  data, 
but  the  most  reliable  of  the  information,  or 
that  derived  from  the  traffic  sample  with  the 
most  complete  coverage,  is  given  preference 
here.  In  instances  where  the  States  have 
prepared  and  submitted  vehicle-mile  estimates 
for  State  systems,  these  have  been  employed 
rather  than  estimates  made  by  applying  trend 
factors  to  data  of  previous  years. 

In  figure  1  is  demonstrated  the  variation  in 
rural  traffic  by  months  in  the  year  1941,  the 
peak  prewar  year;  the  year  1943,  the  war  year 
during  which  traffic  was  lowest;  the  year  1945, 
when  traffic  increased  sharply  after  VJ-day 
as  gasoline  rationing  was  terminated;  and  in 
the  year  1946,  the  first  full  postwar  year.  It 
is  interesting  to  note  the  differences  in  the 
traffic  patterns  during  these  years  when  such 
varying  circumstances  existed.  While  1946 
traffic  exceeded  that  of  1941  by  a  small  per- 


centage, the  peak  of  1946  traffic  was  appreci- 
ably below  that  of  1941,  when  traffic  during 
the  summer  months  was  considerably  higher 
than  in  any  other  year. 

The  monthly  relations  of  traffic  in  the  years 
1942  through  1946  on  all  rural  roads  to  that 
in  corresponding  months  in  1941  are  shown  in 
figure  2.  Apparent  from  this  chart  is  the 
great  postwar  increase  in  traffic  in  the  Western 
States— probably  due  to  the  migration  of 
population  to  the  west  coast,  which  was  pro- 
nounced during  the  war  years.  For  the  same 
reason,  traffic  decreased  less  during  the  war 
in  the  western  regions  than  in  other  parts  of 
the  country.  In  contrast,  traffic  in  1946  in 
the  eastern  portions  of  the  country  generally 
failed  to  meet  the  levels  attained  in  1941. 

Traffic  information  is  analyzed  in  this  report 
for  the  United  States  as  a  whole,  for  each 
census  region,  and  generally  for  three  groups 
of  regions  that  roughly  represent  the  eastern 
seaboard,  the  Central  States,  and  the  Western 
States.  The  States  comprising  each  of  the 
census  regions  are  indicated  in  the  first  column 
of  table  4,  page  44.  The  data  available  are 
not  deemed  sufficient  to  justify  presentation 
of  separate  statistics  for  each  State. 
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Figure  1. — Vehicle-miles  of  travel  on  all 
rural  roads  in  1941,  1943,  1945,  and  1946, 
by  months. 
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Figure   2. — Relation    of    rural    traffic    in    the  yean    1942-46    to    that     in    n<rr<-- 
sponding  months  of  1911,  expressed  a*  percentage*. 
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Table  1. — Ratio  of  traffic  volume  in  1946  to  that  in  corresponding  months  of  1945,  1943, 
and  1941,  as  determined  from  automatic  traffic -recorder  data 

RATIO  OF  1946  TRAFFIC  TO  1945  TRAFFIC 


Region 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Eastern  regions: 

New  England --- 

Middle  Atlantic 

1.49 
1.62 
1.55 

1.48 
1.62 
1.63 

1.55 
1.56 
1.59 

1.54 
1.55 
1.56 

1.62 
1.54 
1.55 

1.65 
1.56 
1.56 

1.63 
1.47 
1.51 

1.42 
1.26 
1.42 

1.26 
1.32 
1.28 

1.26 
1.22 
1.21 

1.22 
1.23 
1.22 

1.29 
1.57 
1.30 

South  Atlantic 

Average ...  - 

1.56 

1.61 

1.58 

1.55 

1.56 

1.57 

1.51 

1.35 

1.29 

1.22 

1.23 

1.40 

Central  Regions: 
East  North  Central...           .  _.  _. 

1.64 
1.47 
1.29 
1.58 

1.69 
1.61 
1.45 
1.70 

1.58 
1.49 
1.42 
1.59 

1.70 
1.47 
1.50 
1.52 

1.77 
1.51 
1.50 
1.60 

1.57 
1.40 
1.49 
1.50 

1.52 
1.39 
1.54 
1.49 

1.35 
1.31 
1.42 
1.41 

1.22 
1.29 
1.23 
1.32 

1.31 
1.26 
1.23 
1.33 

1.15 
1.23 
1.27 
1.23 

1.26 
1.49 
1.40 
1.31 

East  South  Central        .     .  .     -  - 

West  North  Central _    . 

West  South  Central  

1.51 

1.62 

1.53 

1.57 

1.63 

1.51 

1.50 

1.37 

1.25 

1.28 

1.21 

1.34 

Western  regions: 

1.38 
1.47 

1.50 
1.54 

1.44 

1.64 

1.52 
1.67 

1.50 
1.70 

1.60 
1.63 

1.57 
1.63 

1.48 
1.66 

1.27 
1.34 

1.14 
1.25 

1.13 

1.02 

1.22 
0.99 

Pacific -. 

Average __._.     ... 

1.44 

1.53 

1 .  .ri7 

1.62 

1.63 

1.62 

1.61 

1    60 

1.32 

1.21 

1.05 

1.05 

United  States  average 

1.52 

1.60 

1.55 

1.58 

1.61 

1.55 

1.52 

1.40 

1.28 

1.25 

1.19 

1.30 

RATIO  OF  1946  TRAFFIC 

TO  1943 

TRAFFIC 

Eastern  regions: 
New  England 

Middle  Atlantic 

1.65 
1.69 
1.82 

1.60 
1.70 
1.78 

1.66 
1.75 
1.80 

1.55 
1.59 
1.69 

1.67 
1.73 
1.70 

2.05 
1.97 
1.86 

2.09 
1.97 
1.86 

1.77 
1.64 
1.71 

1.79 
1.74 
1.61 

1.80 
1.69 
1.64 

1.84 
1.74 

1.68 

1.74 
1.92 
1.68 

1.74 

1.73 

1.76 

1.63 

1.71 

1.93 

1.94 

1.69 

1.70 

1.69 

1.72 

1    78 

Central  regions: 

East  North  Central _._ 

East  South  Central 

West  North  Central.. 

West  South  Central. 

1.61 
1.52 
1.41 
1.72 

1.56 
1.55 
1.39 
1.68 

1.67 
1.61 
1.50 
1.74 

1.67 
1.53 
1.49 
1.67 

1.70 
1.52 
1.51 
1.76 

1.57 
1.46 
1.57 
1.66 

1.60 
1.51 
1.63 
1.69 

1.63 
1.73 
1.66 
1.74 

1.52 
1.68 
1.62 
1.72 

1.68 
1.67 
1.63 

1.77 

1.52 
1.66 
1.64 

1.72 

1.51 
1.69 
1.55 
1.71 

1.58 

1.55 

1.64 

1.61 

1.64 

1.58 

1.61 

1.67 

1.61 

1.69 

1.62 

1.60 

Western  regions: 

1.61 
2.03 

1.62 
1.87 

1.61 
1.91 

1.58 
1.93 

1.66 
1.92 

1.71 
1.92 

1.80 
1.90 

1.86 
1.94 

1.65 
1.85 

1.64 
1.91 

1.53 
1.66 

1.64 
1.58 

Pacific.  .  .      

1.88 

1.78 

1.80 

1.80 

1.83 

1.84 

1.86 

1.92 

1.78 

1.82 

1.61 

1.60 

United  States  average. 

1.67 

1.64 

1.70 

1.64 

1.69 

1.72 

1.75 

1.72 

1.67 

1.71 

1.65 

1.65 

RATIO  0 

F  19 

46    T 

RAF 

FIC 

TO    1941 

TRAFFIC 

Eastern  regions: 

New  England 

Middle  Atlantic. - 

South  Atlantic. 

0.91 
.92 

.97 

0.83 
.96 
1.01 

0.98 

.84 

1.05 

0.84 
.87 
.96 

0.77 
.79 
.96 

0.76 
.78 
.95 

0.74 
.81 
.90 

0.70 
.75 
.90 

0.87 
.93 
.96 

0.87 
.93 
1.02 

0.78 

.91 

1.01 

0.80 
1.06 
1.01 

Average 

Central  regions: 

East  North  Central 

East  South  Central 

West  North  Central 

.94 

.97 

.96 

.91 

.85 

,84 

.83 

.80 

.93 

.  '.).-, 

.93 

.99 

1.07 
1.07 
.99 
1.17 

1.13 

1.13 

.98 

1.22 

1.12 
1.13 
.99 
1.20 

1.05 

1.06 

.98 

1.20 

.98 
1.02 

.91 
1.21 

.92 
.97 
.95 
1.15 

.87 

.94 

.94 

1.17 

.96 
1.09 

.94 
1.16 

.99 
1.07 
1.01 
1.15 

1.02 
1.09 
1.03 
1.20 

.90 
1.12 

.98 
1.16 

.87 
1.05 

.94 
1.08 

West  South  Central 

Average 

Western  regions: 

Mountain.. _ _ 

Pacific ..  .. 

1.08 

1.11 

1.11 

1.07 

1.02 

.98 

.95 

1.01 

1.04 

1.07 

1.01 

.96 

1.11 
1.21 

1.12 
1.17 

.99 
1.19 

1.08 
1.19 

1.00 
1.14 

1.06 
1.25 

1.01 
1.23 

1.08 
1.27 

1.11 
1.32 

1.08 
1.33 

.99 
1.11 

1.09 
1.07 

Average 

United  States  average 

1.17 

1.15 

1.12 

1.15 

1.09 

1.18 

1.15 

1.20 

1   _■:> 

1.24 

1.07 

1.07 

1.05 

1.07 

1.06 

1.02 

.97 

.97 

.94 

.96 

1.03 

1.06 

.99 

.99 

The  ratios  of  traffic  volume  in  1946  to  those 
in  corresponding  months  of  1945,  1943,  and 
1941  are  shown  in  table  1.  The  sharp  in- 
crease in  1946  traffic  over  that  in  the  previous 
year  is  evident.  Because  of  the  end  of  gaso- 
line rationing  in  August  1945  and  the  conse- 
quent sharp  rise  in  traffic,  the  comparative 
increase  in  traffic  for  the  later  months  of  1946 
over  1945  is  less  marked  than  in  the  earlier 
months  of  the  year,  particularly  in  the  West- 
ern States. 

Traffic  in  1946  in  the  western  regions, 
particularly  the  Pacific  States,  has  consistently 
exceeded  the  1941  levels  by  a  substantial 
degree.  The  eastern  portion  of  the  country, 
especially  the  New  England  States,  has 
remained  generally  below  the  1941  figure. 


The  striking  rise  of  1946  traffic  over  that  of 
wartime  (1943)  is  evident  in  all  seetions  of 
the  country. 

Table  2  shows  the  percentage  of  total 
monthly  vehicle-mileage  for  each  month  of  the 
year  and  for  the  entire  year  in  each  census 
region  in  1941,  1943,  and  1946.  Notable  in 
this  table  are  the  substantial  increases  in  the 
proportion  of  the  Nation's  traffic  occurring  in 
the  two  western  regions  and,  in  particular,  the 
Pacific  States,  during  the  years  1943  and  1946 
from  the  prewar  year  1941.  The  percentage 
of  the  eastern  area  generally  has  declined, 
with  the  New  England  States  showing  the 
greatest  relative  decrease,  followed  by  that  of 
the  Middle  Atlantic  States.  The  central 
section   of   the   country,    on   the   whole,   has 


remained  comparatively  stable  in  this  respect; 
however,  the  percentages  in  the  south-central 
portion  have  increased,  while  those  of  the 
north-central  region  have  decreased. 

Table  3  indicates  the  differences  among  the 
annual  traffic  patterns  for  the  years  1941,  1943, 
and  1946,  showing  the  percentage  of  traffic 
in  each  month  of  these  years  by  regions. 
Normally,  for  the  United  States  as  a  whole, 
the  summer  months  of  July  and  August  have 
higher  percentages  of  traffic  than  any  other 
month  of  the  year.  This  is  generally  true 
for  the  years  shown;  however,  summer  travel 
in  both  1943  and  1946  was  lower  in  propor- 
tion to  total  yearly  traffic  than  it  was  in  1941, 
indicating  that  prewar  summer  travel  peaks 
were  not  yet  recovered  in  1946. 

SUMMER    SURVEY    ON    MAIN    RURAL 
ROADS 

During  the  summer  of  1946  the  highway 
departments  of  47  States,  in  cooperation  with 
the  Public  Roads  Administration,  conducted 
a  survey  to  obtain  data  concerning  the  volume 
and  composition  of  traffic  and  the  weights  of 
trucks  and  truck  combinations  on  rural  roads 
for  the  determination  of  trends  in  traffic. 
This  survey  was  similar  in  character  to  sur-v 
veys  conducted  by  the  several  States  in  1942, 
1943,  1944,  and  1945.1 

The  majority  of  weighing  stations  were 
operated  during  July,  August,  or  September, 
with  Mississippi  extending  operations  through 
October.  This  survey  was  accomplished  in 
every  State  except  South  Carolina. 

Data  were  obtained  from  541  weighing  sta- 
tions, all  of  which  had  been  used  in  the  1945 
survey  or  in  the  most  recent  survey  made  by 
the  State.  The  work  was  so  scheduled  as  to 
insure  maximum  comparability  with  informa- 
tion obtained  in  previous  years. 

These  stations,  which  were  selected  initially 
to  effect  a  representative  cross  section  of 
traffic  on  main  rural  roads,  were  generally 
operated  for  8  hours  on  a  weekday,  either  from 
6  a.  m.  to  2  p.  m.  or  from  2  p.  m.  to  10  p.  m. 
All  traffic  passing  through  the  stations  during 
the  period  was  counted  and  classified.  Military 
vehicles,  negligible  in  proportion  to  total 
traffic,  were  not  separated  from  civilian  traffic 
in  all  States  as  was  done  in  similar  surveys 
made  during  the  war.  Vehicles  were  classified 
into  the  following  categories:  Local  passenger 
cars;  foreign  (out-of-State)  passenger  cars; 
light,  medium,  and  heavy  single-unit  trucks; 
tractor-truck  and  semitrailer  combinations; 
truck  and  trailer  combinations;  and  busses. 

The  survey  period,  number  of  stations  oper- 
ated, number  of  vehicles  counted,  and  number 
weighed  are  shown  for  each  State  in  table  4. 
A  total  of  868,095  vehicles  were  counted  dur- 
ing the  period  of  the  survey  at  all  stations. 
In  addition,  those  States  that  counted  military 
vehicles,  if  any,  separately  from  civilian, 
reported  a  total  of  1,606  military  vehicles, 
which  was  only  0.2  percent  of  the  entire 
count.     These  are  not  shown  in  any  of  the 


1  See  Traffic  trends  on  rural  roads  in  1945,  by  T. 
B.  Dimmick;  Public  Roads,  vol.  24,  No.  10;  Oct.-Nov.- 
Dee.  1946;  and  Amount  and  characteristics  of  trucking  on  rural 
roads,  by  J.  T.  Lynch  and  T.  B.  Dimmick;  Public  Roads, 
vol.  23,  No.  9;  July-Aug.-Sept.  1943. 
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Table  2. — Percentage  of  total  monthly  traffic  on  rural  roads  in  each  I  nited  States  census  region  in  1941,  1943,  and  1946 


Period 


January:  1941 
1943 
1946. 

February:  1941. 
1943 
1946 

March:  1941 
1943 
1946. 

April:  1941. 

1943. 
1946. 

May:  1941. 
1943. 
1946. 

June:  1941 

1943 
1946. 

July:  1941. 

1943. 
1946 

August:  1941. 
1943 
1946 

September:  1941 
1943 
1946. 

October:  1941 
1943 
1946 

November:  1941 
1943 
1946 

December:  1941 
1943 
1946 

Total:  1941 

1943 
1946. 


Eastern  regions 


New 
England 


4.60 
4.10 
3.99 
5.06 
4.07 
3.94 
5.02 
4.77 
4.62 
5.61 
4.93 
4.61 
5.95 
4.86 
4.75 
6.00 
4.01 
4.74 
6.49 
4.32 
5.10 
6. 63 
4.74 
4. 83 
6.12 
4.87 
5.18 
6.08 
4.78 
5.00 
5.86 
4.10 
4.61 
5.39 
4.19 
4.36 
5.82 
4.50 
1.611 


Middle 
Atlantic 


l .:.  hi 
11.71 
11.51 
12.54 
11.04 
11.23 
13.05 
10.28 
10.35 
14.59 
13. 10 
12.43 
15.38 
12.47 
12.50 
15.21 
10.92 
12.26 
15.22 
11.84 
13.07 
15.87 
13.21 
12.35 
15.27 
13.44 
13.75 
14.53 
13.11 
12.74 
14.14 
12.51 
12.93 
12.94 
12.13 
13.  SI 
14.48 
12.22 
12.  1- 


South 
Atlantic 


16.45 
14.41 
15.30 
15.88 
14.20 
15.09 
15.17 
14.48 
15.07 
14.86 
13.91 
14.00 
13.42 
13.43 
13.24 
13.70 
12  -U 
13.55 
13.77 
12.66 
13.  22 
13.  47 
12  66 
12. 62 
13.37 
13.  26 

12.  53 
13.64 
13.95 
13.17 
14.30 
14.66 
14.62 
14.89 
15.26 
15.24 
14.27 

13.  77 
13.85 


Total 


34.  15 
30.  22 
30.80 

29.31 
30.  26 
33.24 
29.  53 
10.04 
35. 00 
31.94 
31.04 

30.76 
30.49 
34.91 
27.73 
30.55 
3.'..  is 
28.82 
31.39 
35.97 
30.91 
29.80 
34.76 
31.57 
31.46 
34.25 
31.84 
30.91 
34. 30 
31.33 
32. 16 
33.22 
31.58 
33.41 
34.57 
30.49 
31.02 


Central  regions 


East 

North 
Central 


18.32 
18.47 
18.72 
18. 36 
19.21 
19.32 
19.11 
19.64 
20.22 
19.87 
19. 03 
2  I  - 
20.58 
19.64 
20.80 
20.28 
20.14 
19.41 
20.81 
20.04 
19.21 
20  60 
20.34 
20.45 
20.36 
19.  86 
19.46 
19.85 
18.48 
19.14 
19.  70 
18.53 
18.00 
19.79 
18.01 
17.33 
19.93 
19.33 
19.  41 


East 
South 
Central 


6.71 
7.  to 
6.86 
6.59 
7.20 
6.97 

6.  4 1 
6.97 
6.7s 

6.69 
6.39 
6.06 
6.93 

■ 
6.08 

7.  02 
6.10 

I 

■ 
6.49 
6.65 

6.35 

6.49 
6.43 
6.60 
6.61 

6.  20 
6.83 
7  02 
6.72 

7.  11 
6.27 
6.82 
6.59 


West 
North 
Central 


11.58 
13.03 
10.91 
12.49 
13.48 
11.36 
12. 31 
13.19 
11.51 
12.19 
13. 05 
11.70 
12.48 
13.27 
11.71 
12.51 
13.67 
12.31 
12.18 
13.  17 
12.10 
12.49 
12.79 
12.17 
12.37 
12.53 
12.02 
12.78 
13. 16 
12.42 
12.60 
12.68 
12.  .50 
12.43 
12.66 
11.82 
12.38 

11.92 


West 
South 
Central 


13.48 

1 1.  56 
15.07 

.14.  16 
1 1.  67 
12.60 
13.  17 

14.21 
11.26 

13.  is 
10.34 
12.24 
12.86 

10.74 
13.10 
12.76 
9  34 

12.20 
■  - 
11.66 
11.82 
10.76 

11.  16 
11.92 
11.26 

12.  16 

1 2.  7s 
11.82 
13.06 

- 
13.11 
13.71 
14.34 
11.31 
'   - 

13.  17 


Total 


50.09 
53.46 
51.56 
50.31 
54.05 
52.32 
50.43 
53.50 
52.  72 
49.51 

51.65 
49.46 
52.08 
51.75 
49.61 
53.93 
• 

52.  57 
49.57 

51.  Is 
51.09 
19.  78 
50.20 
49.89 
50.32 
50.40 
50.95 
50.38 
51. 10 
51.32 
52.05 
51.23 
50.63 
49.89 
52.01 
51. 09 


Western  regions 


Moun- 
tain 


5.19 
5.87 
5.49 
5.30 
5.77 
5.53 
■ 

5.  93 
5.41 

5.97 

5.39 
5.91 
5.56 
5.61 
6.41 

6.  13 
5.  70 
6.20 
6.11 
5.50 

0.17 

6.03 

5.70 
5.42 
5.99 
5.52 
5.39 
6.04 
5.39 
1.-1 
5.56 
5.29 
5.40 


Pacific 


10.57 
10.45 
12.15 
10.91 

11.89 

10.55 
11.04 
11.83 
• 
10.46 
11.78 
10  40 
11.25 
12.20 

9.87 
11.93 
12.74 

9.90 
12.41 
12.90 

9.80 
11.97 
12.94 

10.11 

12.20 

12.95 
10.01 
11.77 
12. '.J 
9.93 
11.53 
11.13 

- 
11.63 
10.67 
10.14 
11.52 
12.  21 


Total 


16.32 

17  '.l 
16.21 

16.6) 
17.  42 
16.33 

16.  >»7 
17.24 
1.'..  43 

17.31 
15.79 

17.  16 
17.7', 

18.34 

1-.-7 
15.60 
18.61 
19.04 

17.91 
19.11 
15.  16 

• 
• 

17.76 

Is.  11 
15.32 
17.57 
16.52 
14.73 
17.19 
15.913 
15.54 
■ 
1  7.  -li 


100.00 

100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

100.00 
100.00 


100.00 

100.  (HI 

L00. 00 

100.00 

100.00 

100.00 
100.00 

loo.oii 

1011.00 


Table  %. ^Percentage  of  annual  traffic  in  each  month  in   1941,  1943,  and  1946 


Period 

I  .  tern 

regions 

Central  regions 

United 
total 

New 
England 

Middle 

Atlantic 

South 

Atlantic 

Total 

East 
Norl  h 
Central 

Easl 

South 

West 
North 
Central 

South 

Central 

Total 

tain 

Pacific 

Total 

January: 

February: 

March: 

April: 

May: 

June: 

July: 

August: 

September 

October: 

November 

December 

Total: 

1941     

4.84 
5.86 
5.44 
5.59 
6.36 
5.76 
6.06 
7.80 
7.31 
7.69 
9.15 
8.01 
9.06 
9.23 
8.68 
9.46 
7.70 
8.92 
11.37 
8.83 
10.39 
11.76 
10.21 
10.21 
9.80 
10.47 
LO     - 
8.94 
9.46 
9.62 
8.25 
7.  66 

i     N 
7.18 
7.27 
7.12 

100.00 
100.00 

5.54 
6.16 
5.90 
5.57 
6.36 
6   16 
6.33 

6  .'II 

6.15 
8.05 
8.96 

8.  11 
9.43 
8.72 
8.60 

9.  65 

7  73 

-  67 
10.  71 

s  91 

11.33 
10  19 
9.80 
9.84 
10.65 

10.  57 

-  00 

9.58 
9.21 

-  61 

8.48 
•    18 
6.94 

. 

S.   16 

100.00 

100  no 
100.00 

7.06 
6.73 
7.06 
7.16 
7.27 
7.46 
7.46 
7.75 
8.08 
8.32 
8.44 
8.24 
8.34 
8.34 
8.21 
8.82 
8.04 
8.63 
9.84 
8.45 
9.10 
9.  7fi 
9.  13 
9.03 
8.74 
9.33 
8.  67 
8.19 
9.04 
8.57 
8.  22 
8.82 
8.54 
8.09 

-   11 
100.00 

100.00 

6.05 
6.37 
6.35 
6.23 

6.77 
6.68 
6.75 
7.14 
7.  in 
8.10 
8.76 
8.15 
8.92 
8.62 
8.44 

7.  S7 
s  69 


8.  69 

9.  65 
10.  75 

9  -; 

9    18 
10.02 

11.  72 
8.49 

-  19 
8.  ii 
8.52 
8.39 

.      6 

8.09 

-  23 
100.00 

1 

100.00 

5.63 
6.14 
0.  16 
5.93 
6.91 
6.82 
6.73 
7.48 
7.73 
7.96 
8.23 
8.55 
9.16 
8.69 
9.20 
9.  35 

-  -J 
10.65 

9.  53 
1    I 
10.68 
10.21 
10   11 

9.95 

-  A 

8.89 

- 

7.50 
7.71 
:  28 

100.00 
100.00 

100.00 

6.56 
6.98 

6.  65 
6.76 
7.43 
7.24 
7.17 

7.  53 
7.63 
7.89 
8.20 
7.90 
8.58 
8.69 
8.31 
• 

•    1 

9.  90 

8.76 

9.02 
9   14 

s  Ts 

8  .,i 

- 
- 
8.61 

- 
7  85 

100.00 

100.00 

5.72 

5.85 

7.28 
6.53 

6.98 
7.  11 
7.  16 

- 
8.36 

8.94 
8.70 

9.  07 
9.  11 
10.02 

■ 
10.11 
9.31 
9.30 

-  -1 
9.00 

11    10 

- 
• 

7.  79 

- 
100.00 

100.  IK) 

100.  00 

7.30 
7.30 
7.  32 
7.33 

i      - 
7.63 
7.82 

7  87 
8.01 

8.38 

-  15 
8.11 
8.16 
8.38 
■ 

-  - 
- 

8  87 
• 

- 

-  i 
- 

- 

s  68 
- 

- 

•  ■ 

-  t) 

•  • 

• 
- 

1(H).  00 
loo  00 

6.15 
6.61 

fi.  45 

7.32 
7.01 
7.10 
7.58 
7.66 
7.93 
8.30 
8.23 
8.80 
8.56 
8.69 
9.  14 
• 

9.29 
10.09 

-  1  1 

• 

8  11 
8  13 

-  • 

100.00 

5.89 
6.31 

6  18 
6.31 

6.  SO 

7.  51 
7.30 
7.06 
7.76 
8.34 
7.93 
8.85 
8.45 

10.31 

10  51 

10.74 
9.77 

- 

s.  77 
s.  17 

7  67 

7.  27 
7.  13 

6.39 
5/83 
6.36 
6.93 
6.65 
6.67 
7.30 
7.06 
7  19 
8.03 
7.59 
• 

9.  10 
8.35 
8.58 

9.  91 

10.  OS 

- 

10  09 

Hi.  26 

10.  17 
• 

9.  12 

• 
• 

7,  57 

7  88 

6.21 

6.30 

6.71 

6.67 
7.37 

7  11 
7.15 

- 

9  hi 
8.38 

8  53 

9  31 
10.  23 

10  15 
10.  17 

10.  58 

Hi  09 
10.00 

- 

-    - 
• 

7   17 

6.12 

6.39 

7.05 
6.85 

7.37 

7  12 

8.36 

8.  15 
-    - 

8  55 
8.58 

- 
• 

10  in 
7.81 

1943 

1946     .   

1941  -                  --- 

1943  - 

1946  - 

1941   .                          

1943. - 

1946  -              - • 

1941 - 

1943  .                                

1946  .                         

1941.-   . 

1943  .                        

1946.--                    .- 

1941   .                         

1943                                  

1946                                     

1941                             

1943  , 

1946  - 

1941   .                     

1943  . 

1946  .                     

■  1941                         

1943                           

10(6                               

1943 

1946                             - 

1943                             

1946 
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Table  4. — Survey  period,  number  of  stations  operated,  number  of  vehicles  counted,  and 
number  weighed  in  each  State  in  the  special  weight  survey  during  the  summer  of  1946 


Region  and  State 

Survey  period 

Number 

of 
stations 

Vehicles  counted 

Trucks  and 
combina- 
tions 
weighed 

All  vehicles 

Trucks  and 
combina- 
tions 

New  England: 

Aug.  5-28 

10 
8 

10 
5 
5 
5 

27,  424 
15,  675 
26, 631 
12,  073 
9,422 
8,053 

3,886 
2,644 
4,747 
1,437 
1,979 
602 

1,671 

1,167 

2,001 

531 

811 

602 

July  29-Aug.  9 

-__  do..     

July  29-Aug.  2 

Rhode  Island 

...do..   

Aug.  5-9.. 

43 

99,278 

15,  295 

6,783 

Middle  Atlantic: 

Aug.  5-21 

10 
20 
11 

54,419 
33,  349 
31, 666 

9,855 
7,933 
5,511 

2,201 
3,167 
1,488 

Sept.  23-27 

Pennsylvania.. 

Aug.  5-13   .. 

Subtotal 

41 

119,434 

23,  299 

6,856 

South  Atlantic: 

Sept.  9-12 

4 
10 
10 
10 
10 

11,434 
10,  725 
11,066 
31,221 
17,115 

3,022 
2,071 
2,459 

6,11211 
3,603 

464 
1,802 
1,777 
1,040 
2,240 

Florida .      

Aug.  5-23 

July  29-Aug.  16 

North  Carolina .  

Aug.  6-23 

South  Carolina . 

Virginia 

Julv  31-Aug.  14 

10 
9 

15,517 
9,585 

3,838 
2,  385 

2,149 
1,083 

West  Virginia 

Aug.  13-Sept.  5 

Subtotal 

63 

inc.  ecu 

23,  398 

10,  555 

Eastern  regions,  subtotal 

147 

325, 375 

61,  992 

24, 194 

East  North  Central: 

Illinois     

Aug.  13-Sept.  5 

44 
20 
10 
10 
12 

69, 916 
33, 313 
24, 191 
19,110 
20,890 

8,173 
7,330 
3,616 
3,257 
3,024 

4,176 
3,059 
1,616 
1,015 
2,379 

Indiana  _     

July  31-Aug.  30 

Michigan 

July  25-Aug.  8 

Ohio 

July  23-Aug.  9 

Wisconsin.. 

July  25-Aug.  9 

Subtotal 

96 

167,  420 

25,  inn 

12,  245 

East  South  Central: 

Alabama ..  

Aug.  14-29 

10 
10 
15 
10 

9,024 
10,  366 
16,  272 

8,940 

2,025 
2,370 
3, 094 
2,215 

1,413 

865 

737 

1,709 

July  8-19 

Julv  10-Oct.  30 

Mississippi 

Tennessee.. 

July  23-Aug.  30 

Subtotal 

45 

44,  602 

9,704 

4,724 

West  North  Central: 

Iowa .     ..  

July  22-31 

10 
10 
8 
14 
11 
10 
12 

10, 037 
7,958 

10,  605 

35, 137 
9,148 

12,  265 
5,848 

1,780 
1,581 
2,045 
6,8.54 
2,000 
2,601 
1,018 

1,687 
867 
1,164 
5,469 
1,927 
1,901 
1,002 

Kansas .  

Aug.  7-20 

Minnesota .. 

Aug. 5-16.. 

July  29-Aug.  16 

Julv  18-Aug.  8 

Missouri _  

Nebraska  

North  Dakota... 

Aug.  1-28 

Julv  29-Aug.  15 

South  Dakota . .     

Subtotal.. 

75 

90, 998 

17,  879 

14,017 

West  South  Central: 

Aug.  5-16 

10 
10 
10 

18 

12,809 
7,014 
11,601 
23,780 

3,485 
1,859 
2,585 
5,180 

1,553 
1,377 
2,498 
3,037 

Louisiana 

Julv  29-Aug.  9 

Oklahoma.. 

Julv  25-Aug.  7 

July  22-Aug.  19 

Texas 

Subtotal. 

48 

55,204 

13, 109 

8,465 

264 

358,  224 

66,092 

39, 451 

Mountain: 

Arizona 

May  7- June  7 

10 
10 
12 
19 
10 
10 
10 
10 

7,439 
20,564 
11,198 
13,  573 

5,527 
8,979 
11,934 
7,270 

1,336 
3,501 
1,996 
2,606 

851 
1,888 
2,318 

789 

594 

686 
1,280 
2,418 

772 
1,304 

660 

745 

Colorado 

July  9-23 

Idaho __ 

Aug.  5-21 

July  31-Aug.  28 

Julv30-Aug.  13... 

July  29-Aug.  14,-- 

July  29-Aug.  9 

Montana..      . 

Nevada _     

New  Mexico 

Utah 

Wyoming.. 

Aug.  6-19 

Subtotal 

91 

86,  484 

15,  285 

8,459 

Pacific: 

California . 

May  29- July  3 

20 
9 
10 

64,487 
16,790 
16,735 

10, 465 

2,755 
2,182 

3,  738 
1,102 
1,679 

Oregon..     ..  ...      

Aug.  12-30 

Washington 

Sept.  4-7 

Subtotal.   

39 

98,012 

15,402 

6,519 

Western  regions,  subtotal 

130 

184,  496 

30,  687 

14,978 

United  States  total. 

541 

868, 095 

158,  771 

78,  623 

tables.  Trucks  and  truck  combinations  num- 
bered 158,771,  or  18.3  percent  of  the  total 
counted.  Of  these  78,623,  or  49.5  percent, 
were  stopped  and  weighed. 

Wherever  traffic  volume  permitted,  all 
civilian  trucks  and  combinations  were  stopped 
and  weighed,  but  where  this  procedure  was 
impracticable,    a    sample    was    obtained    by 


weighing  at  random  as  many  as  possible  of 
those  which  passed  the  station.  Passenger 
cars  and  busses  were  counted  but  not  stopped 
for  weighing  purposes.  The  heavier  vehicles, 
or  the  single-unit  trucks  weighing  13  tons  or 
more  and  combinations  weighing  17  tons  or 
more,  when  stopped,  were  measured  as  well 
as  weighed.     The  type  of  vehicle,  whether  it 


was  loaded  or  empty,  and  the  number  and 
spacing  of  axles  were  recorded,  as  well  as  the 
load  on  each  wheel  on  one  side  of  the  vehicle. 

COMPARISON  OF  1946  AND  1945    • 
SUMMER  SURVEYS 

The  ratios  of  1946  summer  traffic  to  corre- 
sponding counts  in  1945  are  given  by  type  of 
vehicle  in  table  5.  As  previously  stated, 
military  traffic  during  1946  was  negligible 
and  is  excluded  in  the  present  comparison. 
Particularly  outstanding  in  this  table  is  the 
striking  rise  in  numbers  of  passenger  cars 
counted  in  1946,  especially  foreign  (out-of- 
State)  passenger  cars,  which  is  due  in  part 
to  the  resumption  of  peacetime  vacation 
travel  habits,  despite  the  fact  that  produc- 
tion of  new  automobiles  has  not  satiated  the 
demand.  Considering  the  1946-45  ratio  of 
trucks,  generally,  travel  by  single-unit  trucks 
increased  more  than  that  by  combinations 
except  throughout  the  Western  States  where 
the  trend  is  toward  the  greater  use  of  the 
heavier  type  commercial  vehicle. 

Table  6  show  s  the  percentage  distribution  of 
total  traffic  by  vehicle  type  in  1946  and  1945. 
The  increases  in  percentage  of  passenger  cars 
to  total  vehicles  in  1946  compared  with  1945 
were  largely  due  to  the  rise  in  foreign  or  out- 
of-State  traffic  during  1946. 

The  average  weights  of  loaded  and  of  empty 
trucks  and  combinations  in  the  summer  of  1946 
and  in  a  corresponding  period  of  1945  and  1943 
are  shown  in  table  7.  Contrasting  1946  to 
1943,  this  table  indicates  that  the  average 
weight  of  loaded  single-unit  trucks  increased 
4  percent,  that  the  average  weight  of  loaded 
combinations  increased  10  percent,  while  the 
average  weight  of  all  loaded  trucks  and  com- 
binations increased  8  percent.  Similarly, 
comparing  1946  with  1945,  the  average  weight 
of  loaded  single-unit  trucks  decreased  3  per- 
cent while  the  average  weight  of  loaded 
combinations  increased  3  percent,  and  a  slight 
drop  was  evident  in  the  average  weight  of  all 
loaded  trucks  and  combinations. 

Table  7  indicates  that  empty  weight  of  the 
average  truck  in  1946  declined  4  percent  below 
that  of  the  previous  year.  Comparing  1946 
figures  with  those  of  1943,  an  increase  of  2 
percent  is  evident  for  the  average  of  all 
empty  trucks.  These  variations  correspond 
roughly  to  those  shown  for  loaded  vehicles. 

VEHICLE-MILES     AND     TON-MILEAGE 
OF  FREIGHT  HAULED 

A  comparison  by  census  regions  of  the  esti- 
mated vehicle-miles  of  travel  on  all  main  rural 
roads  in  1941,  1943,  1945,  and  1946  is  shown 
in  table  8.  Vehicle-miles  of  all  vehicles  on 
main  rural  roads  in  1946  rose  sharply  in  all 
sections  of  the  country  with  travel  throughout 
the  United  States  45  percent  over  1945.  Truck 
travel  showed  an  over-all  rise  of  29  percent 
and  increased  in  all  regions  except  the  Pacific 
States  where  single-unit  truck  travel  declined 
to  88  percent  of  the  previous  year's  figure. 
With  the  rise  in  passenger-car  travel  in  the 
first  full  postwar  year,  the  proportion  of  truck 
travel  to  that  of  all  vehicles  generally  de- 
creased, in  contrast  to  1945.     In  relation  to 


44 


March  1948     •     PUBLIC  ROADS 


Table  3. — Ratio  of  1946  summer  counts  to  corresponding  counts  in  1945 


Vehicle  type 

Eastern  regions 

Central  regions 

Western  regions 

United 
States 
average 

Now 
England 

Middle 
Atlantic 

South 
Atlantic 

Average 

East 
North 
Central 

East 
South 
Central 

West 
North 
Central 

West 
South 
Central 

Average 

Moun- 
tain 

Pacific 

Average 

All  civilian  vehicles. 

1.46 

1.52 
1.38 
1.96 

1.24 
1.25 
1.17 

Ml 

1.45 

1.51 
1.43 
2.06 

1.27 
1.29 
1.22 

.'17 

1.45 

1.49 
1.38 

1.95 

1.38 

1.43 

1.27 

.98 

1.45 

1.50 
1.39 
1.98 

1.32 
1.35 
1.24 

.99 

1.48 

I.  S3 

1.40 
2.18 

1.25 
1.32 
1.12 
1.09 

1.31 

1.29 
1.20 
1.60 

1.41 

1.42 
1.38 

1.11 

1.47 

1.50 
1.29 
2.56 

1.36 
1.36 
1.37 
1   14 

1.48 

1.53 
1.57 
1.34 

1.39 
1.42 
1.29 
.85 

1.45 

1.49 
1.39 
1.96 

1.34 
1.38 
1.24 

1.03 

1.46 

1.47 
1.05 
2.37 

1.47 
1.44 
1.58 
.98 

1.42 

1.58 
1.56 
1.72 

.97 
.88 
1.11 

1.  11 

1.44 

1.55 
1.42 
2.07 

1.11 
1.08 

1  07 

1.45 

1.51 
1.39 
1.98 

1.29 
1.31 
1.23 

1.02 

Passenger  cars: 

All   

Local ..  _ 

Foreign 

Trucks  and  combinations: 

All 

Single  units _ _ 

Combinations 

Table  6. — Percentage  distribution  by  vehicle  types  in 

the  summer 

:>/  1946 

and  in 

a  correspond 

ing  period  of 

1945 

Region 

Passenger  cars 

Trucks  and  truck  combinations 

Busses 

All 

Local 

Foreign 

All 

Single  units 

Combinations 

1946 

1945 

1946 

1945 

1946 

1945 

1946 

1945 

1946 

1945 

1946 

1945 

1946 

1945 

Eastern  regions: 

New  England 

81.73 
79.81 
76.00 

78.30 
76.56 
74.03 

56.26 
65.61 
53.69 

59. 35 
66.55 
57.38 

25.47 
14.20 
22.31 

18.95 
10.01 
16.65 

16.71 
19.14 
22.43 

19.65 
21.88 
23.63 

13.72 
14.41 
16.35 

15.92 
16.24 
16.67 

2.99 
4.73 
6.08 

3.73 
5.64 
6.96 

1.56 
1.05 
1.57 

2.05 
1.56 
2.34 

Middle  Atlantic 

South  Atlantic 

Average 

78.31 

75.63 

58.71 

61.25 

19.60 

14.38 

20.32 

22.38 

15.21 

lo    to 

5.11 

5.98 

1.37 

1.99 

Central  regions: 

East  North  Central 

83.65 
76.51 
77.49 
76.10 

80.50 
77.67 
75.53 
73.84 

62.74 
53.93 
55.20 
63.31 

66.36 
59.16 
62.78 
59.65 

20.91 
22.58 
22.29 
12.79 

14.14 
18.51 
12.75 
14.19 

15.57 
21.54 
21.65 
22.91 

18.44 
20.02 
23.36 
24.44 

10.38 
17.90 
16.92 
17.38 

11.59 
16.56 

18.29 
18.  10 

5.19 
3.64 
4.73 
5.53 

6.85 
3.46 
5.07 
6.34 

.78 
1.95 
.86 
.99 

1.06 
2.31 

1.11 
1.72 

East  South  Central 

West  North  Central 

West  South  Central 

Average.. 

79.38 

77.27 

0 

62.87 

19.38 

11    10 

\:<  o.: 

-1  33 

14.65 

11     10 

4.98 

5.84 

.99 

1.40 

Western  regions: 

Mountain 

76.91 
82.03 

76.48 
73.73 

37.78 
69.99 

52.36 
63.76 

39.13 
12.04 

24.12 
9.97 

22.01 
16.91 

21.90 
24.92 

18.04 
9.49 

18.24 
15.39 

3.97 
7.42 

3.66 
9.53 

1.08 
1.06 

1.62 
1.35 

Pacific.     

Average 

80.34 

74.62 

59.36 

60.05 

20.98 

11   17 

18.59 

23.94 

12.31 

16.31 

6.28 

7.63 

1.07 

1.44 

United  States  average 

79.21 

:.-,  •_><; 

.19   47 

61.83 

19.74 

l4.4:i 

19.66 

22.14 

11    lo 

15.93 

'  26 

0  .'1 

1.13 

:  -.'i 

Table  7. — Average  weights  of  loaded  and  of  empty  trucks  and  truck  combinations  in  the  summers  of  1946,  1945,  and  1943 

AVERAGE  WEIGHTS  OF  LOADED  TRUCKS 


Region 

All  trucks  and  combinations 

Single-unit  trucks 

Combinations 

1946 

1945 

1943 

1946: 
1945 

1946: 
1943 

1946 

1945 

1943 

1946: 

1945 

1946: 
1943 

1946 

1945 

1943 

1946: 
1945 

1946: 
1943 

Eastern  regions: 

New  England 

Pounds 
17,  702 
19, 912 

17,809 

Pounds 
18, 165 
21,028 
17,843 

Pounds 
17,499 

10.  7X6 
17.  425 

0.97 
.95 
1.00 

1.01 
1.01 
1.02 

Pounds 
12,317 
13,318 
10,991 

Pounds 
12,486 
11,  111) 
11,368 

Pounds 
12,678 
13,370 
11,122 

0.99 
.94 
.97 

0.97 
1.00 
.99 

Pounds 
3  1,891 

.'W."215 
33,512 

Pounds 
36.864 
36,954 
33,079 

Pounds 
33,542 

35,  597 
31,402 

0.97 
1.03 
1.01 

1.07 
1.07 
1.07 

Middle  Atlantic .. 

South  Atlantic. 

Average 

IS.  000 

19,040 

18,255 

.98 

1.02 

12,092 

12,583 

12, 121 

0., 

1.00 

35, 361 

3*.  781 

33,000 

1.02 

1.07 

Central  regions: 

East  North  Central 

22, 625 
15.405 
16,968 
15,691 

24,283 
15,684 

16,  779 
14,  126 

21,588 
14, 383 
15, 734 
14,467 

.93 
.98 
1.01 

1.  11 

1.05 
1.07 
1.08 
1.08 

13,043 
10, 784 
10,282 
9,558 

13,511 
11,556 
10,386 
8,794 

12.611 
10,  576 
10,383 
8,297 

.97 
.93 
.99 
1.09 

1.03 
1.02 
.99 
1.15 

35.  770 
30,729 
34,023 
29,745 

34,449 
29,410 
33,252 
28,250 

33,313 
25,825 

1.04 
1.04 
1  02 
1.05 

1.07 
1.  19 
1.15 
1.08 

East  South  Central.   . 

West  North  Central  . 

West  South  Central ...  .. 

18, 5?1 

18,768 

17, 301 

.99 

1   07 

11,061 

11,104 

10, 591 

1.00 

1.04 

33,500 

32,389 

Ml,  107 

1.03 

1.10 

Western  regions: 

Mountain 

18,4.53 
24,486 

17,762 
Zi,  161 

16,073 

21,551 

1.04 
1.06 

1.11 
1.14 

10,  759 
12,714 

10,460 
13,  292 

9,974 
11,388 

1.03 
.96 

1.0s 

1    12 

49, 186 

39, 082 
46,  821 

45.0*11 

1.03 
1.05 

1.01 
1.09 

Average. 

22, 621 

21,928 

lo,  ■.".):: 

1.03 

1.17 

11,930 

12,483 

10,770 

.96 

1.11 

47,440 

45,693 

43,345 

1.04 

1.09 

United  States  average 

19, 300 

19,539 

17,918 

.99 

1.08 

11,580 

11,890 

ll.l.:7 

.97 

1.04 

:t7.  373 

36,  109 

33, 879 

1.03 

1.10 

A1 

^ERAC 

}E  WEIGH! 

'S  OF 

EMF 

ry  TR 

UCKS 

Eastern  regions: 

8,413 
9,939 
7.  236 

9,324 

10.107 
7,383 

8,494 
8,659 
8,384 

0.90 
.97 
.98 

0.99 

1.  1.1 
.86 

6,811 

7.7s., 
5,498 

7.  872 
7,890 
5,603 

7.01., 
6,795 

5,903 

0.87 
.99 

18 

0.97 
1.15 
.93 

- 
15,753 

18,767 

• 

17,668 
15,004 

1    OS 
- 

1.01 

1.  1.1 
1.10 
1.05 

Middle  Atlantic... 

South  Atlantic 

s.::io 

8,746 

8,493 

.95 

.98 

6,444 

6,823 

6,365 

.94 

1.01 

17,093 

17,111 

I1.7XS 

1.00 

1.08 

Central  regions: 

9,426 
5,499 
8,  079 
7,195 

10,042 
7,022 
7,789 
7,002 

9,104 
6,501 
;  104 

.94 

.78 

1.04 

1.02 

1.04 
.85 
1.09 
1.  14 

6,623 

5,837 
6,341 

- 
5,201 

6,794 
1.  762 

.87 

.1 

1.01 

1.03 

.97 
.99 
1.04 
1.12 

17.  0:'7 
11.10,, 

17,266 
1 .1,  .173 
16,907 

14,802 

12,956 

1.04 
1.05 

1.07 
1.16 

1.17 
1.17 

West  North  Central 

West  South  Central 

7,173 

8,069 

7,594 

.96 

1.02 

">,7mi 

6,078 

5,740 

.95 

1.01 

1.,   |.VI 

10,054 

15,108 

1.03 

1.09 

Western  regions: 

7,012 
12,022 

6,653 
11,549 

6,544 
9,725 

1.05 
1.04 

1.07 

i  Ji 

5,322 
8,044 

5,162 

6,155 

1.03 
.99 

1.08 

1.31 

19. 150 

19.855 

.96 

.90 
1.23 

9,574 

9,599 

S.  414 

1.00 

1.14 

6.537 

6,804 

5.616 

.96 

1    lo 

22.  00.1 

22,314 

19,  194 

1.02 

1.16 

8,201 

8,558 

8,017 

.96 

1.02' 

6,104 

6,  111 

6,932 

.95 

1.03 

17,788 

17,517 

16,864 

1.02 

1.12 
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Table  8. — Comparison  of  estimated  1946  vehicle-miles  of  travel  on  main  rural  roads  with 
corresponding  figures  for  1941,  1943,  and  1945 


Region  and  year 


Eastern  regions: 

New  England: 

1941 

1943 

1945 

1946 

1946:  1945.... 

Middle  Atlantic: 

1941 

1943 

1945 

1946 

1946:  1945. 

South  Atlantic: 

1941 

1943 

1945 

1946 

1946:  1945.. 

Subtotal: 

1941 

1943 

1945 

1946 

1946:  1945 

Central  regions: 

East  North  Central: 

1941 

1943 

1945 

1946 

1946:  1945 

East  South  Central: 

1941 

1943 

1945 

1946 

1946:1945... 

West  North  Central: 

1941 

1943 

1945... 

1946 

1946:1945. 

West  South  Central: 

1941.... 

1943 

1945 

1946 

1946: 1945 

Subtotal: 

1941 

1943 

1945 

1946 

1946:1945 

Western  regions: 

Mountain: 

1941 

1943 

1945 

1946 

1946:1945 _. 

Pacific: 

1941 

1943 

1945 

1946 

1946: 1945 

Subtotal: 

1941 

1943. 

1945 

1946 

1946: 1945.... 
United  States  total: 

1941 

1943 

1945 

1946 

1946:1945.. 


All  vehicles, 
vehicle-miles 


Thousands 
6, 663,  830 
2,  961, 043 

V.I2S.001 

5,713,086 

1.45 

17, 108,  107 
8,  355,  926 
10,  725,  475 
15,  532,  600 
1.45 

18,  612,  782 
10,365,819 
12,  835,  292 
18,  439,  919 
1.44 

42,384,719 

21,682,788 

27,  489,  368 

39,  685,  605 

1.44 


24, 192,  260 
13,681,965 
16,018,709 
23,  563,  034 
1.47 

7,  533,  991 
4,  771,  709 
5,423,111 

7,  470,  206 

1.38 

15,  260, 119 
9,  201.  549 
10,180,874 
14,971,991 
1.47 

13,  745, 126 

8,  997,  058 
10.724.349 
15,721,893 

1.47 

60,  731,  496 
36,  652,  281 
42,  347.  043 
«1,  727, 124 
1.46 


6,741,489 
4,315,357 
5,  194,  915 
7, 476,  867 
1.44 

12,  647,  141 
8,  373,  365 
10,  761, 149 
15,  259,  494 
1.42 

19,  388,  630 
12,  688,  722 
15,956,064 
22,  736,  361 
1.42 

122,504,845 
71,023,791 
85,  792,  475 

124,  149, 090 
1.45 


All  trucks  and  com- 
binations 


Per- 
centage 

of  all 

ve- 
hicles 


14.7 
21.8 
19.6 
16.7 
.85 

20.2 
24.9 
21.8 
19.1 


23.2 
28.4 
23.4 
22.5 
.96 

20.6 
26.2 
22.2 
20.3 
.91 


17.8 
20.8 
18.4 
15.6 
.85 

21.7 
21.4 

20.9 

21.5 

1.03 

20.8 
26.0 
23.3 
21.5 
.92 

21.8 
29.2 
24.1 
22.8 
.95 

19.9 
24.2 
21.3 
19.6 
.92 


19.5 
24.8 
21.5 
21.9 
1.02 

16.0 
20.8 
24.6 
16.8 
.68 

17.2 
22.1 
23.6 
18.5 

.78 

19.7 
24.4 
22,  0 
19.6 


Vehicle- 
miles 


Thousands 
<|X||,  695 
645,  154 
769, 497 
953,  902 
1.24 

3,  447,  631 
2,  078,  950 
2,  337,  486 
2,  968,  335 

1.27 

4,315,146 
2,  946,  837 
3, 007, 162 

4,  149. 173 

1.38 

8,  743, 472 

5,  670,  941 

6,  114,  145 
8,071,410 

1.32 


4,  305,  309 
2,  839, 057 

2,  940,  681 
3,«364,  837 

1.25 

1,  632,  240 
1,023,092 
1,  134,  490 

1,  602,  875 

1.41 

3.  172,  121 

2,  392,  452 

2,  367.  392 

3,  216,  942 

1.36 

2,  994,  305 
2,  625,  956 
2,  583,  820 

:;.  .v.n.  "54 
1.39 

12,  103.  975 

8,  880.  557 

9,  026.  383 
12,  075.  708 

1.34 


1,316,246 
1,  069,  674 
1,118,716 
1,  639,  583 
1.47 

2,021,200 

1,  738,  241 

2.  647,  932 

2,  559, 106 

.97 

3,  337,  446 

2,  807.  925 

3,  766,  648 

4,  198,  689 

1.11 

24, 184, 893 

17,  359,  423 

18,  907,  176 
24.  345,  807 

1.29 


Single-unit  trucks 


Per- 
centage 

of  all 
trucks 

and 
combi- 
nations 


90.5 
82.3 
81.0 
82.1 
1.01 

81.0 
73.9 
74.2 
75.3 
1.01 

77.8 
69.2 
70.6 
72.9 
1.03 

80.5 
72.4 
73.3 
74.9 
1.02 


68.0 
64.0 
62.9 
66.7 
1.06 

90.0 

82.0 
82.7 
83.1 
1.00 

80.8 

78.4 
78.3 
78.2 
1.00 

78.9 
74.1 
74.1 
75.9 
1.02 

77.0 
72.9 
72.6 
74.7 
1.03 


ss.o 
85.3 
83.3 
82.0 


76.1 
67.8 
61.7 
56.1 
.91 

80.3 
74.5 
68.1 
66.2 
.97 

78.8 
73.0 
71.9 
73.3 
1.02 


Vehicle- 
miles 


Thousands 
887,  783 
531, 100 
623,  565 
783, 031 
1.26 

2,  793,  416 
1,  536, 083 

1,  735.  098 

2,  234,  986 

1.29 

3,  357,  800 
2, 038,  327 

2,  121,  565 

3,  025,  426 

1.43 

7, 038,  999 
4, 105,  510 

4,  480,  228 
6,  043,  443 

1.35 


2,  926,  163 
1,  817,  123 
1,  848,  320 
2.444,  116 
1.32 

1,  469, 033 
835,  937 
938,  635 

1,332,  105 
1.42 

2,563,019 

1,  876,  302 
1,853,832 

2,  514,  597 

1.36 

2,  362,  360 

1,  946,  830 
1,914,077 

2,  724,  193 

1.42 

9,  320,  575 
6,  476,  192 
6,  554,  864 
9,015,011 
1.38 


1,158,270 
912,  433 
931,  905 

1,  343,  755 
1.44 

1,  538,  563 

1.  ITS,  ".Mi 
1,  634,  744 
1,  435,  685 


2,  696, 833 
2, 090,  519 
2,  566,  649 
2,  779,  440 
1.08 

19,  056,  407 
12,  672,  221 
13,601,741 
17,837,894 
1.31 


Truck  combinations 


Per- 
centage 

of  all 
trucks 

and 
combi- 
nations 


9.5 
17.7 
19.0 
17.9 
.94 

19.0 
26.1 
25.8 
24.7 


22.2 
30.8 
29.4 
27.1 
.92 

19.5 
27.6 
26.7 
25.1 


32.0 
36.0 
37.1 
33.3 
.90 

10.0 
18.0 
17.3 
16.9 


19.2 
21.6 
21.7 
21.8 
1.00 

21.1 
25.9 
25.9 
24.1 
.93 

23.0 
27.1 
27.4 
25.3 
.92 


12.0 
14.7 
16.7 
18.0 
1.08 

23.9 
32.2 
38.3 
43.9 
1.15 

19.2 
25.5 
31.9 
33.9 
1.06 

21.2 
27.0 
28.1 
26.7 
.95 


Vehicle- 
miles 


Thousands 
92. 912 
114,054 
145,  932 
170,871 
1.17 

654,  215 
542,  867 
602,  388 
733,  349 
1.  22 

957,  346 

908. 510 

885,  597 

1,123.747 

1.27 

1,  704,  473 
1,565,431 
1,633,917 
2, 027,  967 
1.24 


1,  379, 146 
1,021,934 
1,  092,  361 

1,  220,  721 

1.  12 

163,  207 
187,  155 
195,  855 
270,  770 
1.38 

609,  102 
516,  150 
513,  560 
702,  345 
1.37 

631,945 
679,  126 
009,  713 
866, 861 
1.29 

2,  783,  400 
2,  404,  365 

2,  471,  519 

3,  060,  697 

1.24 


157,976 
157,  241 
186,811 
295,  828 
1.58 

482,  637 

560,  165 

1,013,188 

1,  123,  421 

1.11 

640,  613 

717,406 

1,199,999 

1,  419.  249 

1.18 

5,  12S,  186 
1.0X7,  202 

5,  305,  435 

6,  507,  913 

1.23 


1941,  the  last  prewar  year,  all-vehicle  travel 
on  main  rural  roads  showed  a  gain  of  1  percent 
in  1946,  and  although  single-unit-truck  travel 
in  1946  was  only  94  percent  of  that  in  1941, 
travel  of  truck  combinations  was  27  percent 
above  the  1941  figure,  evidencing  a  sharp  rise 
in  the  use  of  heavier  commercial  vehicles. 
This  trend  was  apparent  during  the  war  years 
when  the  proportion  of  truck  travel  performed 
by  truck  combinations  remained  consistently 
higher  than  in  prewar  years. 


Table  9  shows  the  estimated  percentage  of 
trucks  and  truck  combinations  loaded  the, 
average  carried  load,  and  the  ton-miles  car- 
ried on  main  rural  roads  in  1941,  1943,  1945, 
and  1946.  For  the  country  as  a  whole  in  1946, 
the  ton-mileage  of  all  trucks  and  combinations 
increased  21  percent  above  the  previous  year, 
the  average  weight  of  the  carried  load  remained 
the  same,  while  the  percentage  of  trucks  loaded 
dropped  from  55.1  percent  to  51.7  percent. 
Ton-mileage   of   both   single-unit   trucks  and 


truck  combinations  increased  in  all  census  re- 
gions in  1946  except  the  Pacific  States,  where 
single-unit  ton-mileage  was  77  percent  of  that 
of  1945.  The  mountain  region  showed  the 
greatest  rise  in  ton-mileage  in  comparison  to 
1945,  it  being  40  percent  for  single-unit  trucks 
and  50  percent  for  combinations.  While  the 
use  of  heavier  vehicles  has  increased  since  1941, 
as  mentioned  above,  the  average  carried  load 
has  increased  18  percent,  and  the  ton-mileage 
hauled,  38  percent. 

MAXIMUM    AXLE   AND    GROSS    LOADS 

Table  10  shows  the  average  of  the  maximum 
axle  loads  of  the  loaded  vehicles  weighed 
during  the  summer  survey  in  1946  and  during 
those  of  previous  years.  Axle  loads  have 
remained  approximately  the  same  during  the 
current  year  as  in  the  prior  war  years;  however, 
in  comparison  to  prewar  years,  average  maxi- 
mum axle  loads  in  1946  for  both  truck  classi- 
fications shown  are  substantially  heavier. 
Since  the  prewar  period,  the  average  maximum 
axle  load  for  the  entire  United  States  has 
increased  31  percent. 

Paralleling  the  increase  in  the  average  max- 
imum axle  load,  the  frequency  of  heavier 
axle  loads  is  on  the  whole  five  times  greater 
than  in  the  prewar  period  when  the  original 
survey  was  made  (1936-40).  This  is  demon- 
strated in  the  left  half  of  table  11  which  shows 
the  number  of  axle  loads  of  18,000,  20,000,  and 
22,000  pounds  or  more  per  1,000  trucks  and 
combinations  counted  in  summer  surveys  of 
1946,  1945,  1943,  and  the  original  prewar 
survey.  In  each  category  shown,  the  highest 
frequency  of  heavy  axle  loads  was  found  in 
the  Middle  Atlantic  States.  Heavy  axle  loads 
of  20,000  pounds  and  more  are  generally  more 
frequent  in  that  area  and  the  New  England 
States,  where  higher  maximum  axle  loads  are 
permitted  by  law,  than  in  other  sections  of 
the  country. 

The  frequency  of  heavy  vehicles  is  shown 
in  the  right  half  of  table  11.  Here  it  is 
apparent  again  that  heavier  vehicles  have 
come  into  increasingly  wider  use  throughout 
the  war  period  and  are  now  far  more  common 
than  in  the  prewar  period.  Although  in 
1946  an  over-all  slight  drop  from  1945  is 
found  in  gross  weights  exceeding  30,000 
pounds,  frequencies  in  the  categories  40,000 
pounds  and  over  and  50,000  pounds  and  over 
have  risen  slightly  in  this  same  period.  In 
the  two  heaviest  of  the  three  weight  classes 
shown,  the  Pacific  States,  having  liberal 
maximum  gross  weight  restrictions,  lead  all 
other  regions. 

FREQUENCY  OF  HEAVY  LOAD 
CONCENTRATIONS 

In  order  that  the  effect  of  heavy  axle  loads 
and  heavy  total  loads  may  be  considered  in 
relation  to  longitudinal  distribution,  loads 
and  axle  spacings  have  often  been  combined 
by  the  use  of  a  so-called  gross  load  formula, 
W=C(L  +  40),  in  which  IT  is  the  total  weight 
of  the  vehicle  in  pounds,  or  the  weight  of 
an  interior  group  of  axles,  and  L  is  the  dis- 
tance in  feet  between  the  first  and  last  axle 
of  the  vehicle,   or  of  any  interior  group  of 
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Table  9.— Comparison  of  the  estimated  percentage  of  trucks  and   truck  combinations   loaded,  average  carried  load,  and   ton-mile! 

carried  on   main   rural  roads,    uith  corresponding  figures  for  1941,    1943,  ami  1945 


Region  and  year 


Eastern  regions: 
New  England: 

1941 

1943.. 

1945 

1946 

1946  :1945 

Middle  Atlantic: 

1941.. 

1943. 

1945 

1946 

1946: 1945 

South  Atlantic: 

1941 

1943 

1945. 

1946. . . . 

1946:  1945 

Subtotal: 

1941 

1943 

1945 

1946 

1946:  1945 

Central  regions: 

East  North  Central: 

1941 

1943 

1945 

1946 

1946:  1945 

East  South  Central: 

1941 

1943 

1945 

1946. 

1946:  1945 

West  North  Central: 

1941. _. 

1943 

1945 

1946 

1946:  1945 

West  South  Central: 

1941 

1943 

1945. 

1946 

1946:1945...     .... 

Subtotal: 

1941. 

1943.. 

1945 

1946 

1946:  1945 

Western  regions: 
Mountain: 

1941 

1943 

1945 
1946— 

1946:1945... 

Pacific: 

1941 

1943  . . 

1945 

1946 

1946:  1945 

Subtotal: 

1941  

1943 

1945 

1946 

1946:  1945 

United  States  total: 

1941 

1943 

1945 

1946  -. 

1946:1945 


All  trucks  and  combine 


Percent- 
age 
loaded 


72.9 
56.3 
53.8 

52.4 
.97 

70.3 
57.4 
54.  6 
57.7 
1.06 

65.6 

56.8 
57.4 
53.5 
.93 

68.2 
56.9 
55.9 
54.9 


68.7 
62.3 
58.7 
57.2 
.97 

64.8 
52.  1 
47.0 
42.7 
.91 

67.0 

.,;  .; 
58.8 
55.1 
.94 

60.6 
48.7 
42.6 
36.6 


65.7 
57.4 
52.6 
48.6 
.92 


62.6 
49.3 
45.8 
43.  3 

.95 

68.  8 

65  i 
62.0 

.95 

66.4 
60.0 

54  7 

.92 

66  : 
57  : 
55.  1 
51.7 

.94 


Carried  load 


Average 
weight 


Tons 
2.79 
3.89 
3.92 
3.99 
1.02 

3.41 
4.  16 
4.30 

4.  1(1 
.95 

3.88 
4.76 
4.84 

4  79 
.99 

4.43 
4.53 
4.44 


4.05 
1  71 
5.15 
4.81 
.93 

3.  13 

3.  95 
4.01 
4.04 
1.01 

3.  23 
3.30 
3  67 
3.  72 

1.01 

2.99 
3.  64 
3.79 
4.16 
1.10 

3.47 
3.95 
4.48 
4.24 

.95 


3.  39 
3.95. 

4.  63 
4.88 
1.05 

5.  13 

6  14 

v  12 
1.15 

4.48 
5.60 

7  12 
I.  10 

I  ,.l 
I       - 

I  84 
l  84 
1.00 


Ton-miles 


Single-unit  trucks 


Percent- 
age 
loaded 


Thousands 
1,993.  120 
1,3,- 
1,623,664 
1,  995,  842 
1.23 

8,  267,  429 
4. '.163,  933 
5,  187,  126 
7,  023,  600 
1.28 

10,982,765 

7,970 

8,350    19 
10,637,066 
1.27 

21,243,314 
14,312,430 
15,461,  183 
19,656,508 
1.27 


11.961,648 

8,381,988 

'7.279 

10.081.218 

1.  13 

3.  303.  537 
2,  Hi",  176 
2, 136  -  i 
2,761,538 
1.29 

6,  872.  720 
1,994,660 
5,  111,866 
6,585,211 
1.29 

5,  427, 182 
1.  645,  246 
I.  165,546 
5,  461,  533 
1.31 

27.  565, 087 
20,129,070 
20.  3 11.545 
24,  889,  500 
1.23 


2,  795. 644 
2, 083, 902 
2,374  966 

:;,  |{     |   9 
1.46 

7,132 

7,350,878 
12,211 
12,882,  143 

9, 928 
[,780 
II  89fl 

1.12 

- 

60, 89 

1.21 


72.7 

- 

50.9 

.95 

69.9 
54.5 
51.9 

55.8 
1.08 

64.6 

53.  5 

53.2 

|s    1 

.91 

67.  7 
53.8 
52.  4 
51.1 


66.0 
54.3 
49.4 
50.5 
1.02 

64.1 
48.2 
43.4 
38.6 


66.3 
63.2 
55.8 
52.2 
.94 

59.  6 
42.6 
37. 1 
31.3 
.84 

64.2 

46.8 
43.4 

.  93 


61.6 

41.5 

- 

65.2 
62.3 

■ 
53.3 

63  7 
55.  3 
51.8 


16   l 
.  94 


1  load 


Average 

weight 


Tons 
2.22 

2.  34 
2.  27 
2.24 


2.14 
2.24 
2.36 
2.18 

2.61 
2.63 

.'   1- 

.96 

2.37 
2.  15 
2.41 
2.29 

.  95 


2.10 
2.18 

2.  17 
.91 

2.70 
2.75 

2.  72 

2.  54 

.  93 

2.09 
2.06 
1.98 
1.97 


2.23 
2.  17 
2.54 
2.65 
1.04 

2.22 
2.21 
2.  33 

2.  26 
.97 


2.46 
2.39 
2.51 

1.03 

2.14 
2.24 
2.57 
2.45 
.95 

2.  27 
2.30 
2.  55 
2.51 


2.29 
2.  30 

2.31 


Ton-miles 


Thousands 

1,435,923 

655,  257 

721,397 

1.17 

4,17 
1,879 

2,129,030 

2,71'> 

1.28 

-.  1,032 

i.119 

3,  494,  145 

1 .  27. 

i  1.274.990 
-  'I7ii 
!.  546 
7.  (>- 

1.25 


4,064 

2,  1  I- 

2,176,246 

2,6s 

1.23 

2,  546,  285 

1,  ION.  till 

1.  108,602 

1  1)71 
1.  is 

3,549 

2,  MX.  202 
2,053,160 

2,  582.  219 

1.26 

3,  1  I  I 
1,800,724 

2,  264. 895 

1.25 

13,304,276 

7,  505 

7.  11' 

1.24 


1,755,379 
1,011 

950,  677 

1, 327.  577 

1.40 

2,  151.962 
1,644 

.    .    . 
.77 

.',341 
3,21" 

1.  is 


Percent- 
age 

loaded 


Truck  combinations 
Carried  load 


74.3 
72.5 

57.2 

72.1 

62. 3 

1.02 

69.0 
64.1 

67.5 
67.  0 


70.5 
65.  1 

65.  4 

1.01 


74.3 
76.5 
74.4 
70.6 
.95 

70.5 

•      - 


70.1 

65.2 
94 

64.  5 

.91 

70.9 
70.  3 

! 

63.  7 

.94 


71.5 
■ 
.93 

so.  4 
77.  s 
77.3 
73.1 


76  I 

- 

69.  1 


Average 
weight 


Tons 

■ 

■ 

9.31 

9.40 

1.01 

■ 
• 

9.25 
1.03 

8.05 

1.02 

- 
• 

9.  17 
9.39 
1.(12 


7.71 
7.98 

8.59 
1.04 

6.58 

- 

1.04 

7  79 

7.  76 
• 

8  71 
1.02 

5.60 
6.  33 

1.15 

7.23 
7  17 
7  82 
8.23 
1.05 


10.  23 

id.  66 
10.81 
1.01 

13.44 
12.49 

1.07 

12.80 

12.22 
12.80 
1.06 


Ton-miles 


Thousands 

1,151,485 
1.28 

4,091  • 

- 
4,303 

5,319,274 
5,096,  132 
5.  547,  274 
7.  142 

1.29 

- 
- 
- 

1.28 


7, 897, 490 

6, 233, 019 

_  1,033 

7.  396.  130 

1.10 

999,075 

1,457,467 
1.42 

3,323 
2,541 

- 
4,  002,  992 
1.31 

2,  357.  379 

- 

1.36 

14,260,811 

12,62 

13,  165 

.  227 
1.22 


1.(140.265 
1,07 

l.l- 
2,1 

1.50 

•  I,  775 
5,706,  125 

■ 
1.  12 

1.  17 
34,  178 


axles.  C  is  a  measure  of  load  concentration 
and  it  is  generally  thought  that  a  value  of  C 
greater  than  750  is  excessive. 

The  frequency  of  trucks  and  combinations 
with  various  values  of  C  in  1946,  1945,  and 
1943  are  shown  in  table  12  by  census  regions 
Heavy  load  concentrations  occur  mosi  oi 
in  the  Pacific  States,  with  the  Middle  Atlantic 
and  East  North  Central  States  also  having  a 
high  frequency.  There  has  been  a  steady 
upward  trend  in   this  frequency  throughout 


the  country  during  the  w:ir  years,  although 
in  comparing  1946  to  the  previous  year,  a 
slight  over-all  decline  in  heavy  load  con- 
centrations is  e\  idenl . 

The  American  Association  of  State  Highway 
(  Mlieial-    now    recommends.-'   in   lieu   of  a   for- 


'  Policy  concerning  maximum  dimensions,  weight*  and  speed* 
of  motor  vehicles  to  be  operated  ocer  the  highways  of  the  United 
States,  adopted  April  1,  1946,  by  the  American  Association 
of  State  Highway  Officials;  published  by  the  association, 

1916. 


inula  for  the  limitation  of  motor-vehicle 
weights,  the  u<e  of  :i  table  of  permissible 
weights  based  on   the  dista  the 

extremes   of   any    group   <>f   axles.      Tabic 
shows  daia  in  relation  to  this  and  indica 
table    12,   that    overloading   is   ! 
prevalenl  in  the  Pacific  and   Middle  Atlantic 
regions,    although    in    Using    this    method    of 
computing  overloads  there  appears  to  be  little 
variation    among    the    years    shown    for    the 
I'm  as  a  whole. 
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Table  10. — Average  maximum  axle  load  of  loaded  trucks  in  the  summer  of  1946  and  in  corresponding  periods  of  1945  and  1943  and]  in 

the  prewar  period  between  1936  and  1941 


Region 

All  trucks  and 

combinations 

Single-unit  trucks 

Truck  combinations 

1946 

1945 

1943 

Prewar 

1946 

1945 

1943 

Prewar 

1946 

1945 

1943 

Prewar 

Pounds 
9,611 

11,054 
9,698 

11,047 
8,982 
9,228 
8,452 
9,035 

10, 093 

Pounds 
10, 005 
11,584 
9,950 
11,678 
9,024 
9,300 
7,673 
8,858 
9,995 

Pounds 
9,643 
10, 440 
9,482 
10,915 
8,431 
9,060 
7,583 
8,313 
9,346 

Pounds 
7,647 
7,858 
8,488 
8,290 
7,215 
7,  593 
5,868 
6.051 
7,094 

Pounds 
7,688 
8,924 
7,161 
8,273 
7,384 
7,117 
6,455 
7,109 
8,213 

Pounds 
7,990 
9,346 
7,632  ' 
8,595 
8,003 
7,212 
5,834 
7,110 
8,497 

Pounds 
8,068 
8,725 
7,229 
8,335 
7,366 
7,391 
5,344 
6,990 
7,653 

Pounds 
6,985 
6,779 
7,589 
6,806 
6,962 
6,565 
5,134 
5,444 
5,967 

Pounds 
16,031 
16,979 
15, 095 
14, 949 
14, 306 
14,  585 
12,  959 
14,  669 
14,  097 

Pounds 
16,  621 
16,  768 
15,  403 
14,  797 
14, 157 
14,633 

12,  993 
14,118 

13,  504 

Pounds 
14, 966 
16, 135 
14,612 
14,  466 
12,036 
13,488 
12,  247 
14, 176 
13, 444 

Pounds 
13, 951 
13, 551 
11,831 
12,090 

8,899 
11,  594 

8,391 
11,  284 
11, 176 

East  North  Central 

East  South  Central-. 

West  North  Central 

West  South  Central 

Pacific .. - 

United  States  average 

9,881 

10,017 

9,411 

7,552 

7,645 

7,869 

7,432 

6,566 

14,  722 

14,  615 

14, 072 

11,  449 

Table  11. — Number  of  heavy  axle  loads  and  heavy  gross  weights  per  1,000  loaded  and  empty  trucks  and  combinations  in  the  summers 

of  1946,  1945,  1943,  and  in  the  prewar  period  between  1936  and  1941 


Region 

Number  of  heavy  axle  loads  per  1,000  loaded  and  empty  trucks 
and  combinations  of — 

Number  of  gross  weights  per  1,000  loaded  and  empty  trucks  and 
combinations  of— 

18,000  pounds  or  more 

20,000  pounds  or  more 

22,000  pounds  or  more 

30,000  pounds  or  more 

40,000  pounds  or  more 

50,000  pounds  or  more 

1946 

1945 

1943 

Pre- 
war 

1946 

1945 

1943 

Pre- 
war 

1946 

1945 

1943 

Pre- 
war 

1946 

1945 

1943 

Pre- 
war 

1946 

1945 

1943 

Pre- 
war 

1946 

1945 

1943 

Pre- 
war 

New  England _ 

88 
151 
80 
93 
39 
49 
13 
46 
42 

109 

149 
78 
74 
30 
41 
25 
44 
47 

73 
128 
50 
62 
7 
32 
23 
33 
18 

48 
40 

7 
14 
1 
5 
4 
5 
3 

50 
85 
27 
27 
16 
13 

4 
16 

6 

62 
75 
26 
10 
15 
8 
8 
12 
13 

45 
75 
8 
15 
1 
4 
7 
8 
3 

21 

18 

1 

4 

0) 
(') 

2 
3 
1 

21 
42 
10 
6 
5 
3 
1 
5 
2 

29 

33 
7 
5 
6 
1 
2 
3 
3 

14 

28 
2 
4 

(') 
1 
5 
5 

(') 

8 

7 
(') 

2 
(') 
(') 
(') 

2 
(') 

118 
149 
125 
194 
121 
112 
65 
92 
193 

113 

163 

133 

233 

57 

114 

73 

98 

186 

107 

159 

120 

199 

50 

105 

63 

83 

165 

58 
62 
32 
65 

7 
34 

8 
20 
97 

53 
80 
44 
80 
41 
45 
18 
53 
133 

50 
77 
43 
72 
12 
33 
20 
54 
116 

40 
59 
24 
48 
3 
35 
11 
46 
119 

15 

17 
3 

13 
1 
2 
1 
7 

47 

9 
25 

6 
36 

4 
14 

6 
31 
104 

10 
18 

2 
28 

1 
11 

3 
28 
86 

4 
17 
(') 
16 
(') 
3 
2 
28 
89 

1 
3 

0) 
5 

(') 

('} 

(') 

3 

24 

Middle  Atlantic 

South  Atlantic 

East  North  Central 

East  South  Central 

West  North  Central 

West  South  Central 

Mountain 

Pacific. 

United  States  average 

68 

67 

49 

13 

26 

23 

17 

5 

10 

9 

6 

2 

132 

144 

125 

43 

60 

58 

41 

11 

26 

23 

15 

3 

1  Less  than  5  per  10,000. 


Table  12.— Number  of  trucks  with  values  of  C  in  the  gross  weight  formula  in  excess  of 
various  values,  per  1,000  loaded  and  empty  trucks  and  combinations  in  the  summers 
of  1946,  1945,  and  1943 


Region 

Number  of  trucks  and  combinations  with  values  of  C— 

Over  650 

Over  700 

Over  750 

Over  800 

Over  850 

Over  900 

1946 

1945 

1943 

1946 

1945 

1943 

1946 

1945 

1943 

1946 

1945 

1943 

1946 

1945 

1943 

1946 

1945 

1943 

New  England 

39 
69 
16 
52 

6 
32 

8 
48 
126 

33 
56 
20 
48 

5 
21 

9 
45 
135 

33 

36 

10 

36 

3 

7 

8 

54 

131 

22 
46 

7 
40 

2 
18 

5 
33 
107 

18 
33 

9 
37 

1 
13 

3 
34 
112 

14 

30 

3 

21 
1 
3 
4 

33 
111 

11 

33 

5 

31 

2 
11 

5 
24 

81 

9 

18 

5 

28 

(') 

8 

1 

22 

89 

7 
14 

2 
15 
(') 

1 

2 
26 
88 

6 
19 
3 
24 
1 
5 
4 

15 
46 

4 

9 

3 

22 

(') 

3 

1 

16 

59 

3 

10 

(') 

8 

0 

(') 

1 

21 

60 

1 

11 

1 

17 

(') 

3 

2 

9 

15 

2 

5 

1 

14 

(') 

2 

(') 

11 

22 

1 

6 
0 
6 
0 

(') 

1 

17 

31 

1 

6 
1 

9 
0 
2 
1 
5 
3 

1 

2 
1 

8 
(') 

1 
(') 

6 

8 

(') 
3 
0 
5 
0 

(') 
1 

15 

17 

Middle  Atlantic •_ 

South  Atlantic 

East  North  Central 

East  South  Central 

West  North  Central.  . 

West  South  Central . 

Mountain 

Pacific 

United  States  average 

43 

45 

31 

31 

33 

18 

22 

24 

15 

14 

17 

9 

7 

8 

6 

4 

4 

4 

1  Less  than  5  per  10,000. 

Table  13. — Number  of  trucks  and  combinations  per  1,000  loaded  and  empty  vehicles  that 
exceeded  the  permissible  motor-vehicle  loads  recommended  by  the  A.  A.  S.  H.  O., 
and  various  percentages  of  overload,  in  the  summers  of  1946,  1945,  and  1943 


Region 

Number  of  trucks  and  combinations  with  overload 

Total  over- 
loaded 

Over  5  per- 
cent 

Over  10  per- 
cent 

Over  20  per- 
cent 

Over  30  per- 
cent 

Over  50  per- 
cent 

1946 

1945 

1943 

1946 

1945 

1943 

1946 

1945 

1943 

1946 

1945 

1943 

1946 

1945 

1943 

1946 

1945 

1943 

New  England 

17 
35 

5 
29 

2 
11 

5 
26 
79 

13 

27 

7 

24 

(') 

7 

2 

20 

67 

8 
23 

2 
16 
(') 
•2 

2 
16 
100 

10 
26 
3 
23 

1 
7 
4 

18 
47 

6 
19 

4 

20 
(') 

4 

1 
16 
49 

5 
15 

1 
13 
(') 

1 

2 
11 
71 

5 

18 
3 

18 
1 
4 
3 
11 
20 

4 
13 

3 
17 
(') 

3 

1 
11 
24 

3 
10 
(') 
9 
0 
(') 
1 
8 
51 

1 
7 
1 
9 
(') 
1 
1 
4 
3 

1 
6 
2 
8 

(') 
1 
1 
5 
4 

1 
4 

0) 

4 
0 

(') 
1 
2 

19 

(') 
3 

(') 
4 
0 
1 
1 
2 

(') 

(') 

2. 

0 

3 
(') 
(') 
(') 

2 

0 

0 
1 
0 
3 
0 

(') 
0 
1 
3 

0 
1 

(') 
1 
0 
0 

(l) 
1 
0 

0 
1 
0 
1 
0 
0 
0 

1 

0 

0 
0 
0 
1 
0 
0 
0 

(') 

0 

Middle  Atlantic 

South  Atlantic 

East  North  Central 

East  South  Central 

West  North  Central 

West  South  Central 

Mountain 

Pacific 

United  States  average 

22 

22 

21 

15 

16 

15 

10 

10 

10 

3 

4 

4 

1 

(') 

1 

(') 

(') 

(') 

1  Less  than  5  per  10,000. 
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Trends  in  Motor-Vehicle  Travel,  1046 

BY  THE  DIVISION  OF  FINANCIAL  AND  ADMINISTRATIVE  RESEARCH, 

PUBLIC  ROADS  ADMINISTRATION 


Total  motor-vehicle  travel  in  the  United 
States  in  1946  amounted  to  more  than  340 
billion  vehicle-miles,  about  evenly  divided 
between  urban  and  rural  travel.  This  total 
was  2  percent  greater*  than  the  previous 
record,  established  in  1941,  and  37  percent 
above  travel  in  1945.  The  average  vehicle 
traveled  9,958  miles  in  1946,  consuming 
747  gallons  of  motor  fuel  at  a  rate  of  13.32 
miles  per  gallon. 

CLASSIFIED  estimates  of  motor-vehicle 
travel  in  the  United  States,  previously 
published  for  the  years  1936-45,1  are  here 
presented  for  the  year  1946.  Table  1  reports, 
for  the  various  classes  of  motor  vehicles,  the 
estimates  for  1946  of  rural,  urban,  and  total 
vehicle-miles  traveled,  average  miles  traveled 
and  motor  fuel  consumed  per  vehicle,  and 
average  travel  per  gallon  of  motor  fuel  con- 
sumed. 

The  analysis  on  which  these  estimates  are 
based  was  similar  to  that  described  in  the 
previous  report.1  Because  the  volumes  of 
motor-vehicle  travel  and  motor-fuel  consump- 
tion in  1946  were  more  nearly  comparable  to 
those  in  1941  than  any  of  the  intervening 
years,  1941  was  used  as  a  base  year  in  making 
the  calculations." 

Rural-road  travel  in  1946,  reported  in 
another  article  in  this  issue,  was  approximately 
one-half  percent  greater  than  in  1941.  High- 
way use  of  motor  fuel,  however,  was  about 
6  percent  greater.  Part  of  this  apparent 
excess  consumption  of  motor  fuel  is  accounted 
for  by  the  relative  increase  in  the  number  of 
trucks  and  combinations,  from  14.6  percent 
of  the  total  motor-vehicle  registration  in  1941 
to  17.1  percent  in  1946.  Part  is  due  to  the 
heavier  loads  carried  by  trucks  and  combina- 
tions during  recent  years,  and  an  allowance 
for  reduced  average  miles  per  gallon  has  been 
made  in  the  calculations.  Since  these  factors 
did  not  account  for  all  of  the  apparent  excess 
motor-fuel  consumption,  the  indicated  in- 
crease of  1946  urban  travel  over  that  in  1941 
was  greater  than  the  increase  of  rural  travel. 

Total  travel  in  1946  was  estimated  as 
340,655  million  vehicle-miles — 2  percent 
above  the  previous  record  set  in  1941.  Of 
the  total,  170,606  million  vehicle-miles  were 
accounted  for  by  rural  travel  and  170,049 
million  vehicle-miles  by  urban  travel.  While 
rural  travel  had  increased  only  one-half 
percent  over  1941,  urban  travel  had  risen 
almost  4  percent  above  that  level. 

Comparisons  of  1946  travel  with  that  of 
1941  and  1945  are  shown  in  table  2.  The 
relative  increase  of  1946  rural  travel  over  1945 


1  Trends  in  motor-vehicle  travel,  1936  to  191,5,  by  O.  P.  St. 
Clair;  Public  Roads,  vol.  24,  No.  10;  Oct.-Nov.-Dec.  1946. 
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was  much  greater  than  that  of  urban  travel. 
Rural  travel  suffered  much  greater  set-backs 
during  the  war  years  and,  in  recovering,  it 
naturally  showed  a  greater  percentage  rise 
from  1945,  during  8  months  of  which  motor 
vehicles  operated  under  wartime  restrictions. 
The  relative  increase  of  1946  values  over 
those  of  1941,  however,  was  greater  for  urban 
than  for  rural  travel.  A  comparison  of  month- 
ly rural  traffic  volumes  in  1941  and  1946  shows 
that  1946  travel  exceeded  that  of  1941  in 
January,  February,  March,  April,  September, 
and  October,  but  was  less  in  the  usual  peak- 
traffic  months  of  June,  July,  and  August,  as 
well  as  in  May,  November,  and  December. 
Thus,  while  the  level  of  rural  traffic  in  1946  was 
above  that  of  1941  during  most  of  the  winter, 
spring,  and  fall,  summer  traffic  had  not  yet 
returned  to  normal.  Probably  the  advanced 
age  of  millions  of  passenger  cars  somewhat 
deterred  vacation  and  week-end  touring;  high 
costs  of  vacation  accommodations  may  also 
have  played  a  part.  These  factors  would 
have  had  a  minor  effect  on  city  travel,  so  it  is 
not  unnatural  that  the  latter  should  display 


a  more  favorable  comparison  with  1941  levels 
than  does  rural  travel. 

The  average  miles  traveled  per  vehicle  in 
1941  and  1946,  for  the  two  most  important 
vehicle  classes,  were  estimated  as  follows: 

1941  1946 

Passenger  cars- l 9,285         9,942 

Trucks    and    combina- 
tions   10,739         9,615 

Apparently  inconsistent  are  the  indications 
that  the  average  mileage  of  trucks  and  com- 
binations was  less  in  1946  than  in  1941,  while 
that  of  passenger  cars  was  greater;  and  that 
passenger  cars,  which  in  past  years  traveled 
a  lower  annual  mileage  per  vehicle  than  trucks 
and  combinations,  have  exceeded  the  latter 
in  mileage  during  1946.  A  probable  explana- 
tion lies  in  the  17.8  percent  increase  of  truck 
and  combination  registrations  in  1946  over 
those  in  1945  while  passenger  car  registrations 
increased  only  9.4  percent.  Factory  sales 
figures  indicate  a  large  proportion  of  new 
truck  sales  in  1946  were  made  during  the  latter 
part  of  the  year.  This  large  influx  of  new 
(Continued  ore  page  62) 


Table  1. — Classified  estimate  of  travel  in  the  United  States  in  calendar  year  1946 


Vehicle  type 

Motor-vehicle  travel 

Number 
of  regis- 
tered 
vehi- 
cles ' 

Average 
travel 

per 
vehicle 

Motor-fuel 
consumption 

Average 
travel 
per 
gallon 
of  fuel 
con- 
sumed 

Rural 
travel 

Urban 
travel 

Total 
travel 

Total  2 

Average 

per 
vehicle 

Passenger  vehicles: 

Passenger  cars  3 

Million 
vehicle- 
miles 

134, 013 

Million 
vehicle- 
miles 

146,  444 

Million 
vehicle- 
miles 

280, 457 

Thous- 
ands 

28,209 

Miles 
9,942 

Million 
gallons 

18, 759 

Gallons 
665 

Miles 

per 

gallon 

14.95 

Busses: 

1,413 
586 

1,987 
66 

3,400 
652 

80 
82 

42,500 
7,981 

680 
63 

8,500 
768 

5.00 
10.39 

School  and  nonre venue.  - 

1,999 

2,053 

4,052 

162 

25, 061 

743 

4,594 

5.46 

136, 012 
34,  594 

148, 497 
21,  552 

284,  509 
56,  146 

28,371 
5,839 

lii.irjs 
9,615 

19,  502 
6,068 

687 
1,039 

14.59 
9.25 

170, 606 

170, 049 

340,  655 

34,  210 

9,958 

25, 570 

747 

13.32 

i  These  registrations  differ  from  those  given  in  Public  Roads  Administration,  tab  e  MV-1  for  1946  because  of  the  following 
adjustments-  (1)  Approximate  correction  for  defective  classification  in  6  States,  as  described  to  footnotes  7,  9,  11,  12,  and  13 
of  hat  table  (2)  inclusion  of  publicly  owned  vehicles,  listed  separately  in  table  MV-1;  (3)  reduction  of  private  and  commercial 
truck  registrations  by  2.5  percent  to  allow  for  registration  in  more  than  1  State;  and  (4)  substitution  of  bus  totals  as  estimated 
by  the  bus  industry,'  to  afford  a  complete  segregation  of  commercial  busses  from  school  and  nonrevenue  busses  and  to  allow 
for  duplication  because  of  registration  in  more  than  1  State  ,«,-»„»„*,-«,„,  t<,w.  a  91     rnr 

J  Total  highway  use  of  motor  fuel  in  1946  is  given  as  25,649  million  gallons  111  Public  Roads  Admirustral  ion  table  G-21  For 
his  analysis  there  was  deducted  from  that  total  79  million  gallons  estimated  use  by  motorcycles  (250  gallons  per  motorcycle). 

3  Including  taxicabs. 

Table  2.— Increase  in   motor-vehicle   travel,   1946  compared  tvith  1941   and  1945 


th 


Vehicle  type 


Passenger  vehicles 

Trucks  and  combinations 
All  vehicles 


Percentage  increase  of  travel— 


1946  over  1941 


Rural      Urban        Total 


0.45 
.56 

.47 


3.77 
5.18 
3.95 


2.16 
2.29 
2.18 


1946  over  1945 


Rural        Urban        Total 


47.78 
27.42 
43.15 


33.80 

14.88 
31.07 


40.14 
22.30 
36,  83 
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Trends  in  the  Distribution  of 

State  Road-User  Taxes.  1940-1947 


BY  THE  DIVISION  OF  RESEARCH  REPORTS 
PUBLIC  ROADS  ADMINISTRATION 


Reported  by  R.  W.  MEADOWS,  Highway  Economist 
and  W.  R.  McCALLUM,  Associate  Highway  Economist 


This  article  summarizes  the  recent  trends 
and  the  current  status  of  State— local  high- 
way finance  relationships,  with  particular 
emphasis  upon  the  distribution  of  State 
road-user  tax  revenues. 

The  large  postwar  highway  programs, 
coupled  with  greatly  increased  construction 
costs,  have  intensified  demands  by  both 
State  and  local  groups  for  additional  high- 
way funds.  In  order  to  fill  the  more  urgent 
needs,  several  States  have  been  compelled 
to  increase  highway-user  tax  rates  or  to 
revise  distribution  formulas.  This  has 
brought  about  some  misconceptions  con- 
cerning the  present  allocation  of  these 
revenues.  Actually,  there  does  not  appear 
to  have  been  any  significant  change  in  the 
basic  State-local  distribution  ratios  in 
recent  years.  Both  State  and  local  roads 
have  benefited  from  greater  tax  yields,  with 
the  State  generally  retaining  the  larger 
share  of  total  revenue,  for  expenditures  on 
State  highway  systems.  Where  revisions  of 
the  distribution  formulas  have  occurred, 
increases  in  State  or  local  shares  have 
usually  been  accomplished  by  decreasing 
the  portion  of  tax  revenues  formerly  allo- 
cated to  nonhighway  purposes. 

MOST  States  have  shared  a  considerable 
part  of  their  road-user  revenues  with 
their  political  subdivisions  almost  from  the 
inception  of  special  road-user  taxes.  The 
distribution  of  these  revenues  has  always  been 
a  matter  of  lively  interest.  With  the  growing 
attention  centered  on  highway  needs  and 
highway  financing  methods,  much  discussion 
has  revolved  around  the  changes  that  have 
been  made  in  road-user  revenue  allocations  in 
recent  years. 

Local  groups,  bpth  rural  and  urban,  have 
insistently  presented  their  claims  for  a  greater 
share  of  the  revenue.  At  the  same  time,  the 
need  for  an  adequate  system  of  main  roads 
has  at  all  times  been  so  universally  recognized 
that  legislatures  have  been  reluctant  to 
increase  the  allocations  for  local  roads  and 
streets  at  the  expense  of  delaying  the  de- 
velopment of  the  State  arterial  systems. 

In  order  to  clarify  the  State-local  relation- 
ship, a  study  has  been  made  of  the  1940-47 
trend  in  the  distribution  of  road-user  revenues 
to  State  highways,  to  local  roads  and  streets, 
and  also  to  nonhighway  purposes.  The  1940- 
46  portion   of  the  study   is   based   upon   an 


analysis  of  the  annual  reports  of  State  highway 
authorities  to  the  Public  Roads  Administra- 
tion, and  the  changes  for  1947  are  based  upon 
the  probable  effects  of  legislation  passed 
during  the  year.  The  1940  and  1946  alloca- 
tions are  shown  in  detail  in  table  1. 

CONCLUSIONS 

An  analysis  of  the  1940-1947  trend  in  high- 
way financing  methods  indicates  that  while 
many  States  have  in  recent  years  provided 
additional  funds  for  local  roads  and  streets, 
this  has  rarely  been  done  at  the  expense  of 
revenues  for  State  highways.  In  several  cases 
local  roads  have  received  funds  formerly 
allocated  for  nonhighway  purposes,  or  have 
received  a  portion  of  new  tax  revenues.  In  a 
few  instances  they  have  received  appropriations 
from  State  general  fund  surpluses.  The 
States,  however,  have  usually  preserved  the 
basic  distribution  ratios  that  were  in  effect  in 
1940,  and  where  the  ratios  have  been  changed 
in  favor  of  local  roads,  steps  have  been  taken 
to  assure  that  certain  minimum  revenues  will 
be  available  to  finance  the  postwar  programs 
for  improvement  of  State  highways  and  second- 
ary roads  of  more  than  local  importance. 

Both  State  highways  and  local  roads  have 
shared  in  an  increase  in  State  highway-user 
revenues,  which  in  1946  were  21  percent  greater 
than  the  collections  in  1940.  Both  are  also 
receiving  a  greater  portion  of  the  total  high- 
way-user revenues:  the  State  share  increased 
from  58  percent  of  the  amount  distributed  in 
1940  to  64  percent  in  1946,  and  the  local  share 
from  27  percent  in  1940  to  30  percent  in  1946. 
It  is  not  the  intention  here  to  discuss  the  rela- 
tive value  of  the  rise  in  highway  revenues,  or 
the  adequacy  of  the  present  highway-user  tax 
structure.  It  should  be  obvious  that  increased 
revenues  in  recent  years  have  been  more  than 
nullified  by  increased  highway  construction 
costs. 

The  increase  in  the  State  and  local  shares  of 
highway-user  revenues  was  accompanied  by 
a  decrease  in  the  portion  used  for  nonhighway 
purposes.  This  decrease  has  been  the  result 
of  two  factors:  (1)  The  effectiveness  of  the 
campaign  against  allocation  of  user  revenues  to 
nonhighway  purposes;  and  (2)  increased  appro- 
priation of  funds  for  highways  out  of  general 
State  revenue,  offsetting  statutory  nonhigh- 
way allocations  of  highway-user  revenue. 
Such  appropriations,  however,  do  not  neces- 
sarily indicate  a  continuing  policy. 


COMPARISON  OF  1940  AND  1946 
ALLOCATIONS 

By  limiting  this  study  to  an  evaluation  of 
changes  in  the  allocation  of  State  funds  for 
highways,  some  important  factors  in  State- 
local  highway  relationships  have  necessarily 
been  excluded.  One  of  the  most  important 
of  these  is  the  effect  of  transferring  mileage 
from  the  local  road  systems  to  State  systems 
without  providing  a  larger  portion  of  total 
revenues  to  the  State  highway  departments.1 
The  roads  thus  taken  over  by  the  States  are 
usually  the  most  heavily  traveled  in  the  local 
systems,  and  therefore  the  most  costly  to 
improve  and  maintain.  Also  it  may  not  be 
readily  apparent  that  large  amounts  of  State 
highway  funds,  while  nominally  expended  in 
rural  areas,  are  actually  spent  on  heavily 
traveled  roads  adjacent  to  cities.  Thus,  while 
they  are  not  actually  expended  within  cor- 
porate limits,  they  are  largely  for  the  benefit 
of  urban  areas. 

Another  factor  not  included  in  this  study  is 
the  control  exercised  by  the  States  over  funds 
allotted  for  local  roads  and  streets.  The 
degree  of  State  control  may  influence  the  class 
of  road  upon  which  the  money  is  spent. 

While  both  highway  revenues  and  highway 
construction  were  declining  during  the  years 
1942-45  as  a  result  of  wartime  restrictions, 
the  State  legislatures  gave  little  attention  to 
revision  of  existing  formulas  for  the  distribu- 
tion of  funds.  With  the  end  of  the  war,  how- 
ever, the  Federal-aid  Highway  Act  of  1944 
gave  considerable  impetus  to  expansion  of 
highway  construction  on  main  State  highways, 
on  the  more  important  secondary  roads,  and 
on  arterial  streets  forming  the  major  traffic 
channels  within  urban  areas.  At  the  same 
time,  local  governments  renewed  their  de- 
mands for  a  greater  share  of  State  highway 
revenues. 

By  1946  a  few  States  had  anticipated  the 
postwar  needs  and  demands  by  increasing 
highway-user  tax  rates,  by  reallocating  the 
revenue  from  existing  taxes,  or  by  making 
appropriations  for  highways  out  of  State  gen- 
eral funds. 


1  The  total  mileage  of  the  State  highway  systems,  exclud- 
ing county  roads  under  State  control  in  Delaware,  North 
Carolina,  Virginia,  and  West  Virginia,  increased  from  434,000 
miles  in  1940  to  458,000  in  1946.  The  State-administered 
county  roads  in  the  four  States  mentioned  increased  from 
114,000  miles  to  119,000  miles  during  the  same  period. 
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Table  l.—D 

istrib 

ution 

of  State  highway-user  revenues, 

1940  and  1946 

State 

Total  funds 
distributed 

For  highway  purposes 

For  nonhighw 

ay  purposes 

For 

State  highways 

i 

For  local  roads  and  streets » 

Total  for  highwaj 

purposes 

Amount 

Percent    of 
total  funds 

Amount 

Percent   of 
total  funds 

Amount 

Percent  of 
total  funds 

Amount 

Percent  of 
total  funds 

1940 

1946 

1840 

1946 

1940 

1946 

1940 

1946 

1940 

1946 

1940 

1946 

1940 

1946 

1940 

1946 

19)0 

1940 

Alabama 

Arizona 

1,000 
dollars 
20,  096 

5,838 
14,756 
77,  254 
10,  94  H 
17,244 

3,420 
34,  757 
24,609 

6,232 
64,322 
36,282 
27,244 
15,400 
19, 396 
22,  257 
10,0j45 
17,713 
26, 846 
55,  566 
27, 843 
14,  789 
23,527 

6,933 
14,227 

2,001 

6,514 
44, 872 

6,510 
123, 844 
35, 629 

1.  950 
77,  519 
20,251 
i;.,:ni 
99, 184 

6,893 
15,902 

6,486 
26, 390 
66,976 

4,994 

5,318 
26, 175 
20,  357 
17,214 
34, 893 

3,553 

5,034 

1,000 
dollars 
29,537 
9,618 
21,  263 
107,  702 
14, 169 
18,  738 
3,735 

49,  925 
33, 975 

9,254 
68, 473 
37,317 
27,960 
21,024 
25,808 

2S.9M, 

11,338 
20,897 
27,119 
59,  981 
31,628 
20,415 
25, 148 

7,485 
18,  217 

2,  sf.s 

IJ.MiO 

45, 703 

9,476 

120,558 

50,  225 
5,281 

92, 345 

39,  592 

22,568 

99,  595 

7,070 

21, 278 

7,200 

38,758 

92, 069 

7,175 

5,755 

36, 861 

28,644 

20,090 

42,  S49 

5,794 

5,992 

1,000 
dollars 
11,070 

4,367 
13,329 
40,800 

7,387 
14,017 

3,  392 
23,478 
15,456 

3,843 
33, 798 
20,623 
I'.i,  23s 
11,765 
14.953 
16,009 

8,745 
10,353 
11, 180 
27,499 
21,490 

7,173 
23,439 

6,448 

6,412 

2,001 

5,735 
23,  cm; 

5,627 
32,  345 
23, 977 

3,414 
30,445 
12,605 
12,818 
71,341 

2,895 
13,368 

4,512 
12,  628 
37.841 

4,084 

2,810 
17, 969 
10, 361 
14,  259 
11,037 

2,864 

1,000 

dollars 

12,640 

7,344 

18, 434 

50,442 

9,600 

10,  251 

3,515 

25,  859 

22,  258 

6,867 

38,278 

21,505 

18,  699 

17,056 

19,964 

21.  146 

10,511 

11,006 

17,444 

28,871 

24,007 

10,088 

25, 148 

6,072 

8,604 

2,868 

6,230 

:in,  mo 

8,399 
102, 374 
25, 610 

3,640 
39,  517 
29,380 
19,005 
83,184 

3,640 
17,634 

5,513 
23,351 
55, 438 

5,465 

3,124 
17,  702 
14,840 
16, 578 
28,029 

4,694 

55.1 
74.8 
90.3 
52.9 
67.5 
81.3 
99.2 
67.5 
62.8 
61.7 
52.5 
56.8 
70.6 
76.4 
77.1 
71.9 
87,1 
58.5 
41.6 
49.5 
77.2 
48.5 
99.6 
78.6 
45.1 
100.0 
88.0 
51.5 
86.4 
26.1 
67.3 
68.9 
39.3 
62.2 
83.3 
71.9 
42.0 
84.0 
69.6 
47.5 
56.5 
81.8 
52.8 
68.7 
50.9 
82.8 
31.6 
80.6 

42.8 
76.4 
86.7 
46.8 
67.8 
54.7 
94.1 
51.8 
65.5 
74.2 
55.9 
57.6 
66.9 
81.1 
77.4 
73.0 
92.7 
52.7 
64.3 
48.1 
75.9 
49.4 

100.0 
81.1 
47.2 

100.0 
90.8 
65.7 
88.6 
84.9 
51.0 
68.9 
42.8 
74.2 
84.2 
83.5 
51.5 
82.9 
76.6 
60.2 
60.2 
76.2 
54.3 
48.2 
51.8 
82.5 
65.4 
81.0 

1,000 

dollars 

8,192 

1,471 

1,427 

22, 405 
3,561 
3,226 
2 
281 
5, 337 
2,389 

23,539 

13,944 
8,006 
3,635 
2,606 

1,000 
dollars 

15,723 
2,274 
2,774 

47,  758 
4,569 
8,487 

40.8 

25.2 
9.7 

29.0 
32.5 

IS.  7 

53.2 
23.  6 
13.0 

44.  4 
32.2 
45.3 

1,000 
dollars 
19,262 

5,838 
14,756 
63,265 
10,948 
17,243 

3,394 
23,759 
20,793 

6,232 
57,  337 
34,  567 
27,244 
15,400 
17,559 
16,009 

9,903 
16, 378 
25,  583 
55,566 
27,596 
1 1,  789 
23,  439 

6,933 
11,905 

2,001 

6,514 
33,382 

5,894 
59, 862 
34,496 

4,953 
64,230 
20,019 
15,241 
83,360 

2,951 
15,685 

6,379 
18,458 
55,390 

4,957 

5,290 
26,166 
19,285 
17,214 
22,053 

3,553 

4,779 

1,000 
dollars 
28,363 

21,208 
98,200 
14, 169 
18,  738 

3,515 
31,927 
28,155 

9,254 
68, 473 
36,  730 
27,960 
21,024 
25,808 
21.721 
11,338 
19,277 
27,119 
59,981 
31,389 
20,415 
25,148 

7,466 
15,  139 

2,868 

45, 086 
8,737 
120,558 
48,  551 
5,281 
83,176 
39,  592 
22,568 
99,567 

1 

20,601 

7,139 

32,  529 

72,  627 

6,538 

5,732 

36, 784 

28,644 

20,090 

39,022 

5,794 

5,542 

95.9 
100.0 
100.0 

81.9 
100.0 
100.0 

68.4 

100.0 
89.1 
95.2 

100.0 

100.0 
90.5 
71.9 
98.6 
92.5 
95.3 

100.0 
99.1 

100.0 
99.6 

100.0 
83.7 

100.0 

100.0 
74.4 
90.5 
48.3 
96.8 
99.9 
s2.  9 
98.8 
99.1 
84.0 
42.8 
98.6 
98.4 
70.0 
82.7 
99.3 
99.5 

100.0 
94.7 

100.0 
63.2 

100.0 
94.9 

96.0 
100.0 
99.7 
91.2 

10(10 
100.0 
94.1 
63.9 

100.0 
100.0 

98.4 
100.0 
100.0 
100.0 

75.0 
10Q.0 

100.0 
100.0 
99.2 
100.0 
100.0 
99.7 
S3.  1 
100.0 
100.0 
98.6 
92.2 
100.0 

N 

100.0 
90.1 
100.0 
100.0 
99.9 
52.3 
96.8 
99.  2 
83.9 
78.9 
91.1 
99.6 
99.8 
100.0 
100.0 
91.1 
100.0 
92.5 

1,000 

dollars 

834 

1,000 

dollars 

1,174 

4.1 

4.0 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

55 
9,502 

.3 

■    ■ 

13,989 

1 

2i  i 

10,  998 

3,810 

5,620 

■ 
31.6 
15.5 

30.  1 
17.1 

6,068 
:.,  v.; 
2,387 

30, 195 

15,  225 
9,261 
3,968 
5,844 
575 
827 
8,271 
9,675 

31,110 
,-,  3s2 

10,327 

.9 
21.7 
38.3 
36.6 
38.4 
29.4 
23.6 
13.4 

11.5 
34.0 
53.7 
50,5 
21.9 
.    51.5 

12.1 

17.4 
25.8 
44.1 
40.8 
33.1 
18.9 
22.6 
2.0 
7.3 
39.6 
35.7 
51.9 
23.3 
50.6 

Idaho 

Illinois _ 

1,715 

10.9 

4.8 

Iowa 

Kansas.   .   

Kentucky 

Maine 

• 

142 
1,335 
1,263 

:- 
1.4 
7.5 
4.7 

- 
7.7 

1,158 
6,025 
14, 403 
28,067 
6,106 
7,616 

Maryland 

Massachusetts.. 

Michigan. 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire  . 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. 
North  Dakota... 
Ohio      

1,020 

247 

239 

.8 

38 

3,078 

.  1 

*    ."3 
16.9 

1,485 
5,493 

1,394 
6,535 

21.  I 
38.6 

18.6 
35.9 

779 

in,  ."«, 

267 

27,517 

10,  519 

1,539 

33,  785 

7,414 

2,423 

12,019 

56 

2,317 

1,867 

5,930 

17,649 

873 

.',   1MI 

\  1117 
8,924 
2,955 
11,016 
689 
4,779 

630 

15, 046 
338 

is,  1st 

22,  941 
1,641 

43, 659 

10,  212 
3,563 

16,383 
59 
2,967 
1,626 
9,178 

17, 189 
1,073 
2,608 

19, 022 

13,  sill 
3,512 

10,993 
1,100 
5,542 

12.0 
22.9 
4.1 
22.2 
29.5 
31.0 
43.6 
36.6 
15.8 
12.1 
.8 
14.6 
28.8 
22.5 
26.2 
17.5 
46.7 
31.3 
43.8 
17.2 
31.6 
19.4 
94.9 

9.2 
32.9 

3.6 
15.1 
45.7 
31.1 
47.3 
25.8 
15.8 
16.4 
.8 
13.9 
22.6 
23.7 
18.7 
14.9 
45.3 
51.6 
48.2 
17.5 
25.7 
19.0 
92.5 

11.  190 
616 

63,  982 

1,133 

3 

13,289 

232 
139 

-. 

217 

107 

7,932 

11,586 

37 

28 

9 

1,072 

739 

25.6 

9.5 

51.7 

3.2 

.1 

17.1 

1.2 

.9 

10.  0 

- 

1.4 

1.6 

30.0 

17.3 

.7 

.5 

5.3 

7.8 

3.3 
9.9 

.  1 

17.7 

3.2 

.8 

10.  1 
21.) 

- 
.  1 

.2 

1,  074 

9,169 

28 

3,371 

677 

61 

6,229 

19,442 

23 
77 

Oklahoma 

Pennsylvania. . . 

Rhode  Island 

South  Carolina.. 
South  Dakota... 
Tennessee 

Utah 

Vermont 

Virginia 

Washington 
West  Virginia. .. 

Wisconsin 

Wyoming- 

Dist.  of  Columbia. 

Total 

12,840 

3,827 

36."  8 

• 

255 

450 

1,  274, 389 

1,  544,  298 

733,  246 

991,924 

67.5 

64.2 

:;l  1,501 

457, 796 

27.1 

29.  7 

1, 077, 810 

1, 449,  720 

84.6 

93.9 

196,  579 

94,578 

15.4 

6.1 

1  Includes  $629,000  allotted  for  county  roads  under  State  control  in  Delaware  in  1940.    Segregation  is  not  available  for  1946. 

2  Includes  amounts  allotted  for  county  roads  under  State  control  in  North  Carolina,  Virginia,  and  West  Virginia.    Similar  allotments  in  Delaware  are  included  with  State  highways. 
(See  note  1.) 


Increased  highway-user  tax  rates. — Five 
States  increased  their  motor-fuel  tax  rates 
during  1945  or  1946.  In  Idaho,  Kansas, 
Oklahoma,  and  Virginia,  the  increase  was  made 
to  assure  adequate  resources  to  match  the 
Federal  funds  provided  for  the  three  Federal- 
aid  programs.  In  none  of  these  four  States 
was  the  additional  revenue  intended  to  be 
used  for  roads  of  less  importance  than  those 
in  the  Federal-aid  systems.  In  Iowa,  how- 
ever, the  motor-fuel  tax  was  increased  to  pro- 
vide funds  for  local  roads  and  streets,  without 
reference  to  the  Federal  program. 

Reallocations  of  existing  tax  revenues. — In 
only  one  State,  Alabama,  was  there  a  realloca- 
tion of  existing  taxes  to  provide  a  smaller  share 
for  State  highways  and  a  larger  share  for  local 
roads.  In  1943  the  State  decreased  its  motor- 
fuel  tax  allotment  for  State  highways  from  3 
cents  to  2  cents,  and  increased  the  amount  for 
local  roads  and  streets  from  3  cents  to  4  cents. 
The  1  cent  taken  away  from  State  highways 
was  to  be  used  to  match  1  cent  of  the  county 
share  to  improve  selected  county  roads,  in- 
cluding those  forming  a  part  of  the  Federal-aid 
secondary  system. 


In  Connecticut,  Kentucky,  North  Carolina, 
Pennsylvania,  and  Virginia,  where  allocations 
are  not  based  entirely  on  a  percentage  of 
revenues,  appropriations  for  local  roads  and 
streets  out  of  the  State  highway  fund  have 
increased  at  a  greater  rate  than  have  the 
revenues  collected.  In  Kentucky  and  Penn- 
sylvania, the  increases  for  local  roads  have 
been  largely  offset  by  a  discontinuance  of  allo- 
cations for  nonhighway  purposes.  In  Con- 
necticut, a  1947  increase  in  the  motor-fuel  tax 
rate  may  restore  the  prewar  relation  between 
appropriations  for  State  highways  and  those 
for  local  roads.  In  North  Carolina  and  Vir- 
ginia, the  large  increase  in  appropriations  for 
local  roads  under  State  control,  made  in  1945 
and  1946,  was  partly  to  match  Federal-aid 
secondary  funds  and  partly  to  complete  war- 
deferred  improvements.  In  Massachusetts, 
the  appropriations  for  local  roads  decreased 
during  this  period. 

In    Kentucky,    Pennsylvania,    and    \\  isci 
sin,    basic    changes    in    the    distribution    of 
highway-user  revenues  or  in  the  handling  of 
highway   accounts   resulted   in   the  allocation 
for  highway  purposes  of  funds  formerly  used 


for  nonhighway  purposes.  Nonhighway  al- 
locations in  Kentucky  decreased  from  10 
percent  of  total  highway-user  revenues  in  1940 
to  none  in  1946;  in  Pennsylvania  the  change 
was  from  16  percent  to  less  than  1  pen 
and  in  Wisconsin  from  37  percent  to  less  than 
9  percent.  The  immediate  effect  of  the 
reallocation  in  Wisconsin  was  to  provide 
additional  funds  for  State  highways,  while 
in  Kentucky  and  Pennsylvania  it  served  to 
offset  an  increase  in  appropriations  for  local 
roads. 

Appropriations  from  State  general  funds. — 
Many   St  .undated  large  surpluses  of 

general  revenues  during  the  war  years. 
These  surpluses  have  been  used  by  some 
States  to  increase  funds  for  the  State  and 
local  highway  programs.  To  6onie  extent 
they  have  also  been  used  to  defer  a  demand 
for  an  increase  in  highway-user  tax  rat*  s  or  a 
reallocation  of  existing  U 

Between      1943     and      1946,     considerable 
amounts   were   provided  in   this   manner 
local  roads  and  streets  by  California,  Illii 
and  Washington,  and  for  State  highway* 
Louisiana,  Ohio,  and  Oklahoma.     Mississippi 
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and  West  Virginia  appropriated  general  reve- 
nues for  both  State  and  local  roads.  Only  in 
West  Virginia,  where  all  county  roads  are 
under  State  control,  were  the  appropriations 
the  result  of  a  continuing  policy  that  was  in 
effect  in  1940. 

Five  other  States — Delaware,  Georgia,  New 
Jersey,  New  York,  and  Rhode  Island — 
regularly  make  appropriations  for  highways 
out  of  State  general  funds.  These  States, 
however,  do  not  segregate  highway  revenues 
in  a  highway  fund:  they  place  all  revenues 
in  the  State  general  fund  and  appropriate 
therefrom  for  all  purposes,  including  high- 
ways. There  has  been  no  significant  change 
in  the  ratio  of  amounts  appropriated  for 
State  highways  and  for  local  roads  and  streets 
during  recent  years  in  these  one-fund" 
States.  In  New  York,  where  highway  ap- 
propriations in  prior  years  were  considerably 
less  than  the  total  highway  revenues,  •  the 
appropriations  for  1945  and  1946  greatly 
exceeded  such  revenues. 

In  those  States  where  appropriations  for 
highways  are  made  out  of  State  general 
funds,  while  at  the  same  time  highway-user 
revenues  are  allocated  by  law  to  nonhighway 
purposes,  the  general  fund  appropriations,  in 
effect,  compensate  highway  funds  partly  or 
fully  for  the  loss  of  highway-user  revenues. 


This  factor  has  been  taken  into  consideration 
in  determining  the  highway  and  nonhighway 
allocations  in  table  1. 

EFFECTS  OF  1947  LEGISLATION 

The  first  general  postwar  legislative  sessions 
in  1947  were  confronted  with  insistent 
demands  for  additional  funds  for  both  State 
highways  and  local  roads  and  streets.  Rapid- 
ly increasing  highway  costs,  together  with 
the  expanding  highway  programs,  made  it 
necessary  for  several  States  to  seek  additional 
revenues  by  increasing  highway-user  tax 
rates.  In  a  few  others  the  revenue  from 
existing  taxes  was  reallocated  to  provide 
additional  funds  for  local  roads  and  streets. 
Other  States  continued  to  appropriate  funds 
for  highways  out  of  general  revenues,  but  the 
full  effect  of  these  appropriations  cannot  yet 
be  determined. 

Increased  highway-user  tax  rates. — Seven 
States — California,  Colorado,  Connecticut, 
Maine,  Maryland,  Rhode  Island,  and  Ver- 
mont— increased  their  motor-fuel  taxes  during 
1947.  Several  States  also  increased  their 
motor-vehicle  fees.  From  available  informa- 
tion, it  appears  that  in  only  one  of  these 
States,  Colorado,  has  there  been  any  basic 
change  in  the  proportions  of  total  highway- 
user  revenues  to  be  allotted  to  State  highways 


and  to  local  roads  and  streets.  Under  the 
previous  4-cent  motor-fuel  tax,  Colorado 
allotted  27  percent  to  the  counties.  With  an 
increase  of  2  cents  in  the  tax  and  some  changes 
in  its  distribution,  the  counties  and  cities 
together  will  now  receive  approximately 
37  percent  of  total  motor-fuel  revenues. 

California  and  Maryland  revised  their 
distribution  formulas  when  they  increased 
highway-user  tax  rates,  but  the  net  result 
appears  to  be  that.  State-local  sharing  was 
not  materially  changed.  Nonhighway  allo- 
cations were  eliminated  in  Maryland  and 
decreased  in  California. 

Reallocations  of  existing  tax  revenues. — 
Eight  States  reallocated  their  highway-user 
revenues  to  give  a  greater  share  to  local 
governments  for  roads  and  streets.  In  four 
of  these  the  revisions  affect  the  funds  avail- 
able for  State  highways:  Oregon  increased  the 
cities'  share  of  highway-user  revenues  from 
5  percent  to  10  percent  and  the  counties' 
share  from  15.7  percent  to  19  percent,  while 
Arkansas,  Indiana,  and  Wisconsin  allotted 
additional  funds  for  local  roads  and  streets 
provided  the  State  receives  certain  guaranteed 
minimum  amounts.  The  remaining  four 
States  in  this  group — Nebraska,  New  Mexico, 
Oklahoma,  and  Utah — increased  their  allot- 
ments to  local  roads  and  streets  by  decreasing 
or  eliminating  former  nonhighway  allocations. 


(Continued  from  page  49) 


vehicles,  which  were  driven  relatively  low 
mileages  during  1946,  decreased  the  average 
travel  per  vehicle  even  though  the  average 
for  trucks  and  combinations  operated  for  the 
full  12-month  period  may  have  been  as  great 
as  in  1941,  or  greater.  The  similar  effect  for 
passenger  cars  was  of  much  less  magnitude 
because  the  relative  increase  in  numbers  was 
much  lower.  Probably,  since  the  number,  of 
trucks  registered  in  1946  was  14  percent  greater 
than  in  1941,  the  demand  for  new  trucks  came 
much  nearer  to  being  satisfied  than  that  for 


passenger  cars.  The  unslaked  demand  for  the 
latter  is  reflected  in  an  average  mileage  per 
car  that  is  probably  greater  than  would  have 
been  found  if  a  normal  number  had  been  avail- 
able for  use. 

The  annual  consumption  of  motor  fuel  per 
vehicle  has  risen  well  above  prewar  levels, 
from  694  gallons  in  1941  to  747  in  1946. 
However,  the  13.32  miles  per  gallon  averaged 
by  all  vehicles  in  1946  is  somewhat  below  the 
13.75  average  of  1941.  This  is  due  chiefly  to 
the  following  causes:  (1)  Trucks  and  combina- 


tions formed  a  larger  percentage  of  the  total 
motor-vehicle  registration  in  1946;  (2)  the 
average  operating  gross  loads  of  trucks  and 
combinations  have  increased  substantially; 
and  (3)  because  the  average  age  of  passenger 
cars  was  much  greater  than  formerly,  and 
their  relative  use  of  rural  roads  as  compared 
with  their  urban  travel  had  not  quite  returned 
to  normal,  it  is  probable  that  the  average 
miles  per  gallon  of  passenger  cars  was  some- 
what below  the  prewar  level. 
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DIFFERENCES  in  behavior  of  road  tars 
meeting  the  same  specification  have  fre- 
quently been  noted  by  engineers  using  these 
materials  in  road  construction.  Recent  stud- 
ies to  determine  the  cause  for  such  variations 
in  behavior  point  to  the  presence  of  petroleum- 
like constituents  in  the  tar.  It  is  well  known 
that  petroleum  products  and  tars  do  not 
blend  completely  in  all  proportions,  and  thus 
there  is  a  tendency  toward  incompatibility 
between  these  petroleum-like  constituents  and 
the  normal  constituents  of  the  tar. 

The  presence  of  the  petroleum-like  con- 
stituents in  tar  is  occasioned  in  two  ways: 
First,  by  the  use,  as  bases  or  fluxes,  of  water- 
gas  tars  that  through  improper  processing 
contain  a  considerable  amount  of  the  original 
petroleum  oil  which  has  not  been  cracked  or 
altered  in  the  carburation  process;  and  second, 
by  the  unintentional  mixture  in  shipment, 
through  failure  to  steam-clean  a  tank  car  or 
truck  that  had  contained  petroleum  products 
before  loading  it  with  tar. 

Since  the  usual  tests  made  on  road  tars 
give  no  indication  of  the  relative  compati- 
bility of  petroleum-like  constituents  and  tar, 
a  new  test  has  been  developed  to  measure  this 
condition.  Briefly,  this  test  is  made  by  add- 
ing a  petroleum  distillate  to  measured  por- 
tions of  tars,  thoroughly  mixing  the  compo- 
nents, and  noting  the  percentage  of  diluent  at 
which  the  blended  materials  separate  into  two 
phases.  The  percentage  of  diluent  required 
to  bring  about  a  separation  is  termed  the 
"separation  point." 

Since  the  separation  point  represents  an 
end  point  only  and  the  visual  observations 
give  no  indication  of  the  intermediate  effects  of 
lesser  additions  of  the  petroleum  distillate, 
further  investigations  were  conducted  in  which 
the  progressive  changes  in  the  tar  structure 
produced  by  increasing  increments  of  the 
petroleum-like  materials  were  observed  under 
a  microscope.  In  addition,  the  effect  of  these 
changes  on  the  kinematic  viscosity  of  the  tar 
blends  was  also  studied. 

Tiije  data  obtained  in  each  of  the  phases  of 
this  study  are  closely  interrelated  and  the 
report  has  been  arranged  so  as  to  give  not  only 
the  development  and  significance  of  the  sepa- 
ration-point test  but  also  to  present  as  com- 
plete  a   picture   as   possible   of   the   changes 
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Differences  in  behavior,  during  construction,  of  road  tars  meeting  the  same 
specifications  have  been  traced  to  the  presence  in  the  tars  of  petroleum-like 
constituents  consisting  of  unsulfonatahle  hydrocarbons.  In  this  investigation 
it  was  found  that  the  unsulfonatahle  hydrocarbons  have  a  flocculating  effect 
on  the  tar  which  increases  as  the  percentage  of  unsulfonatahle  hydrocarbons 
increases  until  a  separation  of  the  blend  into  two  phases  results.  The  progres- 
sive flocculation  up  to  tin-  point  of  separation  can  be  detected  only  by  micro- 
scopic examination. 

In  the  course  of  the  investigation,  a  new  test  was  devised  to  measure  the 
relative  compatability  of  unsulfonatahle  hydrocarbons  and  tars.  It  involves 
adding  increments  of  a  petroleum  distillate  to  the  tar  and  noting  the  "separation 
point" — the  percentage  of  diluent  at  which  the  blended  materials  separate  into 
two  phases.  The  test  indicates  the  relative  amount  of  unsulfonatahle  hydro- 
carbons in  tars  from  the  same  source,  hut  cannot  he  used  as  an  exact  determina- 
tion of  these  constituents  in  lieu  of  the  sulfonation-index  test.  The  new  separa- 
tion-point test  will  be  useful  as  a  rapid  laboratory  check  on  the  uniformity  of 
tar  shipments  from  the  same  source. 


produced  in  a  tar  by  the  presence  of  any  per- 
centage of  petroleum-like  material  from  zero 
up  to  the  separation  point. 

The  problems  discussed  in  this  paper  are 
generally  the  same  as  those  previously  dis- 
cussed in  a  report  on  the  sulfonation-index 
test,1  and  a  brief  review  of  the  basic  chemical 
groups  described  in  that  paper  and  of  the  gen- 
eral conclusions  drawn  at  that  time  arc  given 
here  in  order  that  the  principles  involved  in 
this  investigation  may  be  fully  understood. 

The  phenomenon  of  separation  exhibited 
by  blends  of  petroleum  prod  i 
not  caused  by  any  inherent  difference  in  petro- 
leum and  tar,  but  rather  because  of  the  pan  ial 
incompatibility  of  the  major  constituents 
usually  found  in  these  materials. 

The  major  proportion  of  the  constituents  of 
most  tars  are  hydrocarbons  of  the  aromatic 
group,    while   uncracked    petroleum    products 
contain   chiefly    those   of   the    paraffinic   and 
naphthenic  groups.     Cracked  petroleum  prod- 
ucts contain  high  percentages  of  the  olefinic 
group,  also.     However,  both  tars  and  petro 
ll    mi    products   may   contain   some   percentage 
of  all  these  groups;  and  the  percentage  of  any 
group  that  may  be  present  in  either  t\; 
material  will  vary,  depending  on  the  soun 
the  crude  and  the  manufacturing  proi 
It  is  the  paraffinic  and  naphthenic  hydri 
bons  that  have  been  termed  the  pel  roleum-like 

'  The  tulfonation  index  test  for  road  tan,  by  R.  H.  Lewis 
and  W.  J.  Ualsteod;  Public  Roads,  vol.  23,  I'eb- 

Mar.  1943. 


constituents  and  whose  presence  in  a  tar  is 
considered  undesirable. 

The  maximum  amounts  of  the  paraffinic  and 
naphthenic  groups  pei  mil  ted  in  a  road  tar  are 
controlled  by  the  recently  adopted  specifica- 
tion requirements  for  the  sulfonation  ii 
This  index  represents  the  amount  of  material 
in  the  tar  distillate  that  is  unaffected  when  the 
distillate  is  treated  with  a  very  strong 
percent)  sulfuric  acid.  These  are  the  paraf- 
Snic  ind  naphthenic  hydrocarbons,  since  the 
conditions  of  the  test  arc  so  controlled  that  all 
other  groups  present  will  be  oxidized  or  con- 
verted into  sulfonic  acids  and  dissolved  in  the 
excess  sulfuric  acid  present  in  the  reacting 
mixture. 

hi  the  report  on  the  sulfonation  index,  it 
was  shown  that  the  presence  of  the  unsulfona- 
tahle i paraffinic  and  naphthenic)  hydrocar- 
bons has  an  advei a  the  binding  and 

weathering  properties  of  the  tar.  In  that 
investigation,  however,  no  attempt  was  made 
to  evaluate  the  effect  of  these  constituent-  on 
the  structure  of  the  tar.  In  this  investigation 
the  effect  of  the  paraffinic  and  naphthenic 
constituents  on  the  tar  structure  was  of 
primary  interest. 

CON<  I  I  -IONS 

The  data  presented  in  this  report  an 
cerned  chiefly  with  the  effi 
unsulfonatahle  hydrocarbons  which  have 
filiation  characteristics  similar  to  those  of  the 
distillate  from  R  1    2  to  1:1   l  gra  le  roa  !  I  ■ 
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Some  differences  in  behavior  for  the  various 
types  of  base  materials  were  obtained  which 
are  believed  to  be  chiefly  caused  by  differences 
in  viscosity.  It  is  probable  that  unsulfonata- 
ble  materials  which  distill  at  a  lower  or  higher 
range  in  temperature  will  show  additional 
variations  in  behavior.  It  is  believed,  how- 
ever, that  the  fundamental  cause  of  the  phe- 
nomena observed  is  the  same  in  all  cases.  As 
a  result  of  this  study  the  following  conclusions, 
based  on  the  behavior  of  the  RT-2  to  RT-4 
grades,  may  be  drawn: 

1.  The  unsulfonatable  hydrocarbons  present 
in  a  tar  blend  have  a  flocculating  effect  on  the 
dispersed  phase  of  the  tar.  This  effect  in- 
creases as  the  percentage  of  unsulfonatable 
hydrocarbons  increases  until  a  separation  into 
two  phases  results. 

2.  Tests  on  filtered  tars  showed  that,  in 
addition  to  this  flocculation  of  the  dispersed 
phase,  large  amounts  of  unsulfonatable  hy- 
drocarbons caused  the  development  of  incom- 
patibility of  certain  constituents  originally 
soluble  in  the  continuous  phase. 

3.  No  evidence  of  the  flocculation  of  the 
dispersed  phase  can  be  seen  with  the  unaided 
eye  until  the  separation  point  is  reached. 
The  progressive  development  of  this  floccula- 
tion for  increasing  percentages  of  Diesel  oil 
can  be  seen  by  microscopic  examination. 

4.  The  separation-point  test  is  a  means  of 
measuring  the  relative  compatibility  of  the 
constituents  in  a  tar  blend,  and  can  be  used 
as  a  rapid  check  in  the  laboratory  to  determine 
the  uniformity  of  shipments  from  the  same 
source. 

5.  The  separation-point  test  gives  an  indi- 
cation of  the  relative  amount  of  unsulfona- 
table hydrocarbons  in  tars  from  the  same 
source,  but  it  cannot  be  used  as  an  exact 
determination-  of  these  constituents  in  lieu  of 
the  sulfonation-index  test. 

6.  No  attempt  has  been  made  to  correlate 
directly  the  results  of  the  separation-point  test 
with  service  behavior  or  laboratory  tests  de- 
signed to  show  bonding  strength  or  other  road 
building  properties.  Such  correlations  may  be 
impossible  to  obtain  because  of  the  many 
complex  factors  that  affect  the  quality  of  a 
road  tar.  However,  it  is  believed  that  the 
compatibility  of  the  various  constituents  in  a 
road  tar  is  an  important  one  of  these  factors, 


and  the  separation-point  test  is  a  simple  means 
of  securing  a  relative  measure  of  this  property. 

PETROLEUM  DISTILLATE  CHARACTER- 
ISTICS 

There  are  a  number  of  petroleum  distillates 
available,  all  of  which  will  give  similar  results 
when  used  as  the  diluent  in  determining  the 
separation  point.  In  this  investigation,  pre- 
liminary studies  were  conducted  with  four 
types  of  petroleum  oil:  A  close-cut  paraffmic 
distillate  in  the  boiling  range  of  kerosene, 
Bunker-B  fuel  oil,  No.  2  grade  fuel  oil,  and 
Diesel  oil.  It  was  found  that  separation  oc- 
curred with  lower  percentages  of  the  paraffinic 
distillate  and  Bunker-B  fuel  oil  than  with  the 
No.  2  grade  fuel  oil  or  Diesel  oil,  the  latter  two 
giving  comparable  results. 

For  the  purpose  of  the  investigation  it  was 
desirable  to  use  a  material  that  had  the  same 
general  distillation  characteristics  as  the  tar 
distillate  from  the  more  fluid  grades  of  tar, 
and  also  one  in  which  the  unsulfonated  hydro- 
carbons would  be  chemically  similar  to  the 
unsulfonated  materials  in  the  tars. 

Preliminary  tests  on  several  petroleum  dis- 
tillates showed  Diesel  oil  to  have  these  desira- 
ble characteristics.  Table  1  compares  the 
characteristics  of  the  Diesel  oil  and  its  un- 
sulfonated residue  with  a  typical  distillate 
from  a  RT-2  grade  tar,  and  with  a  composite 
sample  of  the  unsulfonated  residues  from 
numerous  samples  of  tars  that  had  formerly 
been  tested  in  the  laboratory.  The  last- 
mentioned  material  was  obtained  by  accumu- 
lating the  unsulfonated  residues  from  all  the 
tars  tested  in  the  laboratory  over  a  period  of 
several  years.  The  residues  were  combined, 
washed  free  of  acid,  separated  from  the  water, 
and  dried  with  anhydrous  sodium  sulfate. 

Table  1  shows  the  specific  gravity,  the  index 
of  refraction,  and  distillation  characteristics 
for  each  of  the  distillates.  These  distillation 
data  are  plotted  in  figure  1.  It  is  shown  by 
these  results  that  the  unsulfonated  residue 
from  the  tar  distillates  and  the  unsulfonated 
residue  from  the  Diesel  oil  have  very  nearly 
the  same  boiling  range,  specific  gravity,  and 
index  of  refraction,  and  therefore  must  be 
chemically  similar.  It  is  also  shown  that  the 
distillation  curve  of  the  Diesel  oil  itself  does 
not  vary  greatly  from  that  of  the  tar  distillate. 


Table  1. — Comparison  of  test  characteristics  of  various  types  of  distillates 


Specific  gravity  at  25°/25°  C .._ 

Index  of  refraction  at  25°  C... 

Distillation  characteristics:  ' 

Initial  boiling  point degrees  C. 

Vapor  temperature  at  which: 

5  percent  boiled  off degrees  C- 

10  percent  boiled  off do 

20  percent  boiled  off.. ...do 

30  percent  boiled  off do 

40  percent  boiled  off do 

50  percent  boiled  off do 

60  percent  boiled  off do 

70  percent  boiled  off.. do 

80  percent  boiled  off do 

85  percent  boiled  off do 

90  percent  boiled  off do 

95  percent  boiled  off do 

End  point do 

Volume  distillate  at  end  point .  _ percent . 


Diesel  oil 


0.842 
1.469 

125 

190 
205 
222 
233 
242 
251 
261 
280 
301 
310 
321 


321 
92 


Unsulfonated 

residue  from 

Diesel  oil 


0.808 
1.447 

195 

214 
222 
234 
243 
250 
259 
268 
286 
306 
320 
322 


322 
90 


RT-2  tar 

distillate 

(to  355°  C.) 


0.995 
1.587 

145 

168 
189 
218 
230 
242 
254 
275 
312 

(2) 

(3) 

(?) 


367 
93 


Unsulfonated 
residue  from 
tar  distillate 
(to  355°  C.) 


0.827 
1.452 

213 

227 
233 
243 
251 
260 
270 
286 
300 
316 


349 
349 
349 
95 


20  40  60  80 

DISTILLATE-PERCENT  BY  VOLUME 


i  Distillation  made  using  20  milliliters  in  a  50-milliliter  Engler  distilling  flask,  with  water-cooled  condenser. 
J  Headings  not  obtained  because  of  solids  in  the  condenser. 


Figure  1. — Comparison  of  distillation  prop- 
erties of  Diesel  oil,  a  tar  distillate,  and 
their  unsulfonated  residues. 


For  further  identification  of  the  Diesel  oil, 
the  results  of  a  number  of  standard  tests  are 
given  below: 

Specific  gravity  at  25°/25°  C 0.  842 

Density  at  35°  C gms.  per  cm3..  .  832 

Volume  distillation  characteristics  (A. 
S.  T.  M.  test  method  D 158-41): 

Initial  boiling  point-  .degrees  C__  120 
Vapor  temperature  at  which: 

10  percent  boiled  off  .degrees  C. .  194 

20  percent  boiled  off do 211 

30  percent  boiled  off do 229 

40  percent  boiled  off do 238 

50  percent  boiled  off do 248 

60  percent  boiled  off do 257 

70  percent  boiled  off do 268 

80  percent  boiled  off doT . . .  282 

90  percent  boiled  off do 302 

End  point do 318 

Volume  distillate  at  end 

point percent.-  94 

Residue  at  end  point do 5 

Weight  distillation  characteristics  (A. 
S.  T.  M.  test  method  D  20-30): 

Distillate  to  300°  C percent..  87.  2 

Distillate  300-3 1 8°  C do 8.  5 

Residue do 3.  6 

Sulfonation  index: 

Distillate  to  300°  C 66.  3 

Distillate  300-318°  C 6.  1 

Volume  of  Diesel  oil  unsulfonated 

percent..  64 
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PROCEDURE  FOR   DETERMINING  THE  SEPARATION   POINT  OF  TARS 


Weigh   10   milliliters  of  tar   (weight   cal- 
culated from   density  at  25°  C.)  into  a  flat 
2-ounce   ointment   can   and   add    Diesel   oil 
from  a  burette  in  increments  so  that  each 
increment  will  increase  the  percentage  by 
volume  of  Diesel  oil  in  the  final  blend  by 
2.5  percent.1     The  sample  shall    be  stirred 
thoroughly    after   each    addition    of   Diesel 
oil  2  s  and  examined  for  evidence  of  separa- 
tion.   When  a  definite  precipitation  or  sep- 
aration  remains   after   several    minutes   of 
stirring,  this  sample  shall  be  set  aside  and 
Diesel  oil  added  to  other  10-milliliter  por- 
tions of  the  tar  so  that  the  percentages  of 
Diesel  oil  in  the  blends  are  2.5,  5.0,  7.5,  etc. 
percent  *  lower  than  that  at  which  separa- 
tion was  obtained  with  the  initial  sample. 
The  blended   samples  shall   be  allowed   to 
remain    undisturbed    overnight    and    then 
examined  for  separation.     Their  condition 
shall  then  be  noted  on  the  following  basis: 
iVS    (No    Separation) — The    appearance 
and  flow   properties  of  a   normal   tar 
remain. 
VSS  (Very  Slight  Separation) — No  defi- 
nite separation  can  be  detected,  but 
the  material  does  not  flow  as  a  normal 
tar. 
SS  (Slight  Separation) — Some  evidence 
of  separation,  gelling,  or  precipitation 
can   be   detected   initially,   but   after 
thorough  stirring  it  is  difficult  to  see. 
DS    (Definite     Separation) — Unmistak- 
able separation,  gelling,  or  precipita- 
tion   can     be     detected     even     after 
thorough  stirring. 
The    lowest    percentage,    by    volume,    of 


Diesel  oil  that  causes  -.li-ihl  reparation  (SS) 
shall  be  reported  as  the  separation  point. 
Sometimes  the  point  of  slight  separation 
cannot  be  determined  with  precision  and  in 
such  cases  the  percentage  of  Diesel  oil  thai 
causes  definite  separation  (DS)  shall  be 
reported  as  the  separation  point. 


NOTES 

'  The  milliliters  of  Diesel  oil  added  to  a  10-millililcr 
sample  of  tar  to  give  the  required  percentages  of  dilu- 
ent in  mixtures  arc  as  follows: 


I  o/rimc 
Percentage      nddrtl 

Of  diluent  (ml .) 


Volume 

Percen  tage 

adtird 

of  diluent 

(ml.) 

2.5 

5.0 

.5.1 

7.5 

.81 

10.0.... 

1.11 

12.5.... 

1.43 

15.0.... 

..       1.77 

IT..",.... 

..       2.12 

20.0.... 

22.5.... 

..       2.90 

25.0.... 

. .       3.33 

27.5. 

30.0... 

:t2. 5... 

35.0... 

37.5... 

40.0... 

42.5... 

45.0. . . 

47.5... 


3.79 
4.29 
4.81 

5.39 
6.00 
6.67 
7.40 
8.18 
9.05 
50.0 10.00 


2  Viscous  samples,  or  those  that  are  difficult  to 
blcntl,  may  be  warmed  on  a  steam  bath.  The  tem- 
perature should  not  be  allowed  to  exceed  60°  C.  and 
the  sample  should  be  covered  while  on  the  steam 
bath.  When  it  is  known  that  the  separation  point 
will  be  relatively  high,  increments  larger  than  2.5 
percent  may  be  adijed  until  the  end  point  is  ap- 
proached. 

3  All  stirring  should  he  done  with  a  spatula,  since 
a  slight  precipitation  is  more  readily  seen  when  the 
tar  is  allowed  to  flow  over  a  flat  surface. 

*  Usually  the  separation  point  is  2.5  or  5.0  percent 
lower  than  the  point  of  definite  separation  deter- 
mined on  the  first  samples  so  that  three  portions  of 
the  tar  are  sufficient  to  determine  the  separation 
point  after  settling  overnight.  However,  if  testa  on 
three  samples  fail  to  give  the  desired  range,  additional 
tests  must  be  made  until  the  lowest  point  of  slight 
separation  is  determined. 


After  considerable  experimentation  with 
various  size  samples,  various  temperatures, 
and  various  methods  of  blending,  the  labora- 
tory procedure  for  making  the  test  for  separa- 
tion point  was  standardized  as  described 
in  a  separate  statement  on  this  page. 

A  check  on  the  precision  of  the  test  was 
conducted  by  having  three  operators  deter- 
mine the  separation  point  of  a  small  group  of 
specially  prepared  samples.  The  results  of 
these  tests  are  shown  in  table  2.  In  most 
cases  the  same  observations  were  recorded, 
and  in  all  cases  except  for  sample  3-X,  the 
same  separation  point  was  reported  by  all 
operators.  For  sample  S-X,  operator  2 
reported  the  separation  point  as  35.0  percent, 
while  operators  1  and  3  reported  32.5  percent. 
Since  operators  2  and  3  had  no  instructions 
other  than  those  in  the  written  procedure,  it 
was  concluded  that  personal  variations  in 
determining  the  points  at  which  separation 
occurs  will  not  be  great  and  close  agreement 
should  be  obtained  by  different  operators  or 
laboratories  when  the  same  diluent  is  used. 

TARS  AND  FLUXES  FROM  KNOWN 
SOURCES  USED 

Through  the  courtesy  of  one  of  the  tar 
manufacturers,  five  crude  base  tars  from  dif- 
ferent sources  and  four  different  types  of 
fluxing  material  were  obtained  for  use  in  this 

PUBLIC  ROADS     •     Vol.  25,  No.  3 


investigation.     The    test     characteristics    of 
these  materials  are  shown  in  table  3. 

Sample  A,  the  coke-oven  tar,  is  of  a  typo 
that  normally  gives  very  good  service  when 
used  as  a  road  tar. 


Sample  B,  the  horizontal-retort  tar,  is  of  a 
type  that  is  produced  only  in  small  quantities 
in  the  United  States  and  it  ia  rarely  used  in 
road-tar  manufacture. 

Sample  C,  the  vertical-retort  tar,  is  usually 
blended  with  other  types  of  material,  such  as 
a  heavy  water-gas  tar,  when  used  in  a  road 
tar.  It  is  generally  considered  unsatisfactory 
if  used  alone. 

Sample  D,  the  heavy  water-gas  tar,  is  one 
of  a  very  large  class  of  tars  that  exhibit  con- 
siderable variation  in  properties.  These  tars 
are  widely  used  as  base  materials  for  road-tar 
manufacture. 

nple  E  is  an  extremely  viscous  water-gas 
tar  that  would  probably  be  blended  with  less 
viscous  bases  if  used  in  a  road  tar. 

Sample  F  represents  a  low-boiling  coal-tar 
distillate,  and  sample  G  a  medium-boiling  dis- 
tillate. Both  these  materials  are  satisfactory 
fluxes  when  used  in  a  balanced  blend. 

Sample  H,  the  low  sulfonation-index  water- 
gas  tar,  is  rated  as  very  good  fluxing  material 
for  any  type  base. 

Sample  /  is  reported  to  be  the  highest  sul- 
fonation-index  tar  available  to  the  manu- 
facturer who  supplied  the  samples,  yet  it  is  a 
satisfactory  flux  when  used  in  limited  quan- 
tities. 

The  tar  acids  were  removed  from  the  crude 
coal  tars,  samples  A,  B,  and  C,  by  distilling  to 
270°  C.  and  treating  the  distillate  with  sodium 
hydroxide  The  residual  tar  oils  were  then 
separated  from  the  caustic,  washed,  dried  with 
anhydrous  sodium  sulfate,  and  recombined 
with  the  distillation  residue.  The  tests 
resulting  in  the  data  shown  in  table  3,  and  all 
other  tests,  were  conducted  on  these  recom- 
bined samples.  Samples  D  and  E  were  not 
treated  but  were  used  as  received. 

SPECIAL  PRESSURE  FILTER  USED 

In  order  to  trace  the  effect  of  the  unsulfo- 
natable  hydrocarbons  on  the  tar  after  removal 
of  the  free  carbon,  a  portion  of  each  base  tar 
was  filtered.     Tests   with    these   filtered  tars 


Table  2. — Comparison  of  the  separation  points  of  selected  samples,  determined  by  different 

operators 


Identification  No. 

Volume 

of  Diesel 

oil  in 

blend 

Ition  of  blend  '  reported 
by  operator— 

■  '  reported 
by  operator— 

1 

2 

3 

1 

2 

3 

1-X    

Percent 

f         2.5 

5.0 

i           7.5 

I        10.0 

[          2.5 
I          5.0 
I         7.5 

|        30.0 
\        32.5 
I        35.0 

|        22.5 
{        25.0 
I        27.5 

f        10.0 
\         12.5 
I         15.0 

|          2.5 

MS 

NN 

DS 

DS 

DS 
DS 
DS 

NS 
SS 
DS 

NS 

1>S 

NS 

DS 
DS 
DS 

NS 
SS 
DS 

oa 

SS 
DS 
DS 

NS 
VSS 
DS 

NS 

DS 

DS 
DS 

l>s 

NS 

DS 
DS 

SS 

DS 

V- 

ss 

DS 

DS 

SS 
DS 

\          5.0 

|      , 

1        32  5 
1         2?  S 
i        15  0 

5.0 

2.6 

35.0 

5.0 

2.5 
32.5 

l-X    

3  X                        

4-X 

v     

6-X 

! 

i  NS=no  separation;  f.s'S-very  slight  Sep  'Silent  separation;  OS-definite  separation. 

presented  by  pi  t  rentage  volume  of  Diesel  oil  in  bl 
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were  conducted  in  parallel  with  tests  on  the 
unfiltered  tars,  except  that  the  viscosity  deter- 
minations of  the  Diesel-oil  blends  with  the 
filtered  tars  were  not  made.  The  filtration 
was  accomplished  in  a  special  pressure  filter 
without  the  use  of  any  solvent  or  diluent. 
This  filter  was  designed  and  constructed 
according  to  the  principle  of  that  sketched  by 
Volkmann,  Rhodes,  and  Work.2 

The  filter  medium  is  an  alundum  extraction 
shell,  34  millimeters  in  diameter  and  100  milli- 
meters high.  Experiments  showed  that  the 
coarse  or  medium  porosity  shells  gave  equally 
satisfactory  results.  Air  pressure  was  main- 
tained manually  at  50  to  60  pounds  per  square 
inch.  The  water  bath  was  heated  electrically 
and  thermostatically  controlled  at  the  desired 
temperature.  The  flask  receiving  the  filtrate 
was  immersed  in  ice  water  to  reduce  evapora- 
tion losses.  Samples  A  and  C  were  filtered 
at  60°  C.  and  samples  B,  D,  and  E  were 
filtered  at  90°  C. 

Table  4  shows  a  comparison  of  the  char- 
acteristics of  the  filtered  and  unfiltered  tars. 
In  all  cases  the  specific  gravity  was  reduced  by 
filtration.  The  kinematic  viscosity  of  the 
filtered  samples  showed  a  slight  decrease  for 
samples  A  and  C,  and  a  considerable  decrease 
for  sample  B  which  contained  a  high  percent- 
age of  organic  matter  insoluble  in  carbon 
disulfide.  For  samples  D  and  E  the  viscosity 
increased.  This  increase  is  believed  to  have 
been  caused  by  evaporation  losses.  These 
samples  (D  and  E)  were  more  difficult  to 
filter  than  the  coal  tars. 

The  tar-insoluble  material  shown  in  the 
last  column  of  table  4  represents  the  car- 
bonaceous material  that  is  suspended  in  the 
tar  and  can  be  seen  under  the  microscope. 
The  percentage  of  this  material  was  calculated 
from  the  difference  between  the  solubilities 
in  carbon  disulfide  of  the  unfiltered  and 
filtered  tars.  It  is  not  the  difference  between 
the  values  shown  in  table  4  since  the  per- 
centage for  the  filtered  tar  is  not  on  the  basis 
of  the  total  tar  and  this  correction  must  be 
considered.  The  percentage  of  tar-insoluble 
material  showed  wide  variations  among  the 
different  types  of  tars.  It  is  of  interest  to 
note  that  even  though  the  organic  material 
insoluble  in  carbon  disulfide  for  the  unfiltered 
coal  tars  A  and  C  and  the  unfiltered  water-gas 
tars  D  and  E  showed  only  minor  differences, 
there  is  a  large  difference  in  the  amount  of 
suspended  matter  present.  All  of  the  filtered 
tars  were  essentially  clear  of  any  suspended 
particles  when  viewed  under  the  microscope. 

As  a  further  check  on  the  efficiency  of  the 
filtration,  determination  was  made  of  the 
amount  of  material  in  a  10-gram  sample  of 
the  filtered  horizontal  retort  tar  B,  that  was 
insoluble  in  100  milliliters  of  nitrobenzene. 
The  result  of  this  test  was  0.02  percent 
insoluble  organic  material. 

SEPARATION  POINT  RELATED  TO 
RREAK-DOWN  OF  TAR 

In  order  to  study  the  phenomena  accom- 
panying the  separation  of  the  tar  blend  and 
to  determine  the  effect  of  aging  on  the  separa- 

1  Physical  properties  of  coal  tars,  by  E.  W.  Volkmann,  E.  O. 
Rhodes,  and  L.  T.  Work;  Industrial  and  Engineering  Chem- 
istry, vol.  28,  No.  6;  June  1936;  p.  721. 


Table  3.— Characteristics  of  bases  and  fluxes  from  knoivn  sources 


Sample  identification 

Grade  

Specific  gravity  at  25°/25°  C 

Engler  specific  viscosity: 

At  40°  C 

At  50°  C..._ 

Float  test: 

At  32°  C seconds.. 

At50°C do.... 

•Kinematic  viscosity  at  35°  c. 

centistokes.. 
Carbon  disulfide  solubility: 

Bitumen. percent.. 

Organic  insoluble  material.. .do 

Inorganic  insoluble  material. do 

Water  content do 

Distillation  (by  weight): 
Total  distillate: 

To  170°  C.._ percent.. 

To  200°  C... do 

To  235°  C do 

To  270°  C do 

To  300°  C...  do 

To  355°  C do 

Residue  from  distillate  to  300°  C. 

percent . . 
Softening  point  of  residue  above 

300°  C percent.. 

Sulfonation  index: 

On  total  distillate  to  300°  C 

On  distillate  between  300-355°  C... 

On  total  distillate  to  355°  C 

Separation  point 


Base  tars 


Coke- 
oven 
tar 


A 
RT-4 
1.176 

23.4 


322 

94.20 
5.76 
.04 
0 


.29 

2.02 

6.79 

15.83 

23.39 

38.05 

75.98 

38.0 

.3 
.1 

.4 
27.5 


Hori- 
zontal- 
retort 
tar 


B 

RT-9 
1.245 


165.2 
69.0 

29,900 

76.63 
23.32 

.05 

0 


0 

0 

1.74 

7.62 
12.42 
25.45 

86.84 

52.2 

.2 

.2 

.4 

22.5 


Verti- 
cal- re- 
tort tar 


C 

RT-4 
1.106 

35.4 
15.4 


429 

94.41 

5.55 

.04 

Trace 


.43 

1.23 

5.52 

17.62 

27.12 

4o.27 

72.00 

39.6 

2.7 

1.9 

4.6 

20.0 


Heavy 
water- 
gas  tar 


D 

RT-8 

1.171 


87.9 
45.0 

10,900 

92.51 

7.25 

.24 

.5 


.47 
1.18 
4.23 
10.87 
19.10 
30.99 

79.82 

62.8 

.3 
.1 

.4 
32.5 


Heavy 
water- 
gas  tar 


E 
RT-11 

1.176 


849.0 
144.0 

306,000 

93.28 
6.56 
.16 
0 


.21 

.83 

4.28 
11.17 
19.45 
32.58 

80.16 

60.9 

.1 

.3 

.4 
25.0 


Fluxes 


Coal-tar  fluxes 


Low 
boiling 


F 
Flux 
1.008 

1.1 


2.0 

99.95 
.05 
0 
0 


.52 
5.21 
66.94 
94.90 
97.57 
98.17 

1.80 

P) 

1.2 
.1 
1.3 
(J) 


Medi- 
um 
boiling 


a 

Flux 
1.101 

1.7 


11.0 

99.54 
.43 
.03 

Trace 


.13 

.63 

2.23 

17.20 
37.  11 
78.55 

62.30 

(0 

.3 
.4 

.7 
50.0 


Water-gas  tar 
fluxes 


Low 
sulfona- 
tion 


H 

Flux 
1.085 

1.9 


13.4 

99.91 
.08 
.01 
0 


.45 

2.78 
13.59 
26.60 
37.22 
58.18 

62.40 

29.6 


.1 

.7 

55.0 


High 
sulfona- 
tion 


7 

Flux 
1.012 


9.2 
99.90 


.02 
1.4 


1.11 
2.14 
11.49 
41.20 
57.55 
76.18 

41.49 

29.4 

11.1 
1.9 
13.0 

27.5 


Too  fluid  for  softening  point  determination. 


2  Miscible  with  Diesel  oil  in  all  proportions. 


Table  4.— Comparison  of  characteristics  of  filtered  and  unfiltered  tars 


Sample  identification 

Specific 
25° 

gravity  at 
C. 

Kinematic  viscosity 
at  35°  C. 

Organic  material 

insoluble  in  carbon 

disulfide 

Tar-in- 
soluble 
material  ' 

Unfiltered 

Filtered 

Unfiltered 

Filtered 

Unfiltered 

Filtered 

A 

1.176 
1.245 
1.106 
1.171 
1.176 

1.172 
1.197 
1.103 
1.152 
1.161 

Centistokes 

373 

31, 200 

854 

12,  900 

378, 000 

Centistokes 

342 

10,  000 

683 

13, 500 

415,000 

Percent 
5.76 
23.32 
5.55 
7.25 
6.56 

Percent 
4.81 
9.01 
4.20 
.85 
1.87 

Percent 
1.00 
15.73 
1.41 
6.45 
4.78 

B 

C 

D  ..            

E     .              

1  Calculated  from  differences  in  organic  material  insoluble  in  carbon  disulfide  for  filtered  and  unfiltered  tar.    This  repre- 
sents the  carbonaceous  material  suspended  in  the  tar. 

Table  5. —  Variation  of  separation  point  and  precipitation  point  with  age  of  blends  tested 


Sample  identification 

Test  method 

Percentage  of  Diesel  oil  in  blend  showing  slight 
separation  after  aging  test  blends  for — 

0 

1  day 

2  days 

7  days 

30  days 

Sample  A: 

Unfiltered 

Filtered 

27.5 
27.5 
20.0 

22.5 
22.5 
20.0 

20.0 
25.0 
20.0 

32.5 

37.5 
35.0 

25.0 
30.0 
27.5 

22.5 
22.5 
20.0 

22.5 
22.5 
20.0 

20.0 
20.0 
17.5 

32.5 
32.5 
30.0 

25.0 

...do 

27.5 
22.5 

22.5 

27.5 
20.0 

20.0 
25.0 
22.5 

37.5 
37.5 
37.5 

27.5 
20.0 

25.0 
20.0 

Do 

Precipitation  point l  

Sample  B: 
Unfiltered 

Filtered 

do  ..                     

22.5 
20.0 

22.5 
20.0 

Do 

Precipitation  point  • 

Sample  C: 
Unfiltered 

Filtered 

do.. 

25.0 
20.0 

22.5 

Do 

Sample  D: 
Unfiltered 

Separation  point 

do... 

Filtered  . 

37.5 
35.0 

35.0 
35.0 

Do 

Precipitation  point  ' 

Sample  E: 

Filtered 

do                               

32.5 
27.5 

Do 

Precipitation  point  l      

1  Determined  by  microscopic  examination. 

tion  point,  series  of  blends  with  Diesel  oil 
were  made  for  filtered  and  unfiltered  portions 
of  each  base  tar.  The  percentage  of  Diesel 
oil  was  varied  from  zero  up  to  the  separation 


point  and  observations  made  during  a  period 
of  30  days.  The  percentage  of  Diesel  oil  in 
the  blend  showing  a  slight  separation  for  the 
various  periods  of  aging  are  shown  in  table  5. 
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FILTERED   TAR-DIESEL   OIL    BLEND: 


ORIGINAL  TAR 


COKE-OVEN 
TAR   A 


HORIZONTAL. 
RETORT 
TAR    B 


VERTICAL- 
RETORT 
TAR  C 


HEAVY 

WATER-GAS 

TAR   D 


EXTREMELY 
VISCOUS 
WATER-GAS 
TAR   E 


TAR-DIESEL  OIL   BLEND 
AT   SEPARATION    POINT 


AT    MICROSCOPIC    PRE- 
CIPITATION   POINT 


AT   SEPARATION    POINT 


Figure  2. — Photomicrographs  of  blends  of  various  tars  with  Diesel  oil.  showin 
blend  at  separation  point,  the  filtered  tar-Diesel  oil  blend  at  microscopic 
at  separation  point.  The  type  of  tar  and  the  percentage  of  Diesel  oil  in  <■„, 
by  letter  and  number. 


E-30 
■■■■tt  J*         r* 

a  (J'rom  left  iii  right)  tin-  original  tnr.   the  tar— Diesel  oil 

separation   point,  and  tin-  filtered  tar— Diesel  oil  blend 

h  blend  are  indicated  at  the  bottom  of  each  photograph 
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In  addition  to  the  usual  observations  for 
separation  point,  blends  of  the  filtered  tar 
were  also  examined  under  the  microscope 
and  the  blend  containing  the  lowest  per- 
centage of  Diesel  oil  which  showed  the 
presence  of  precipitated  particles  or  a  separa- 
tion into  two  phases,  was  recorded  as  the 
precipitation  point.  These  data  are  also 
shown  in  table  5. 

In  all  of  the  blends  shown  in  table  5,  the 
degree  of  the  separation  increased  with  the 
age  of  the  blend.  When  separation  first 
occurred  the  presence  of  two  phases  was 
often  difficult  to  determine  but  upon  standing 
there  was  a  definite  formation  of  a  bottom 
phase,  which  became  increasingly  more 
viscous,  and  a  top  phase,  which  became  less 
viscous  and  free  of  any  flocculated  particles. 
For  all  the  unfiltered  tars  except  sample  A, 
there  was  no  change  in  the  separation  point 
between  1  and  30  days.  For  sample  A, 
the  separation  point  decreased  5  percent  in 
30  days.  For  the  filtered  tars,  the  separation 
point  decreased  5  percent  from  1  to  30  days 
in  all  cases  except  for  sample  B.  For  sample 
B,  the  separation  point  was  constant  after 
1  day,  but  there  was  a  5-percent  decrease  in 
the  1-day  period.  The  observations  with  the 
microscope  showed  that  there  was  only  a 
slight  change  in  the  precipitation  point  after 
1  day,  and  in  the  cases  where  a  change 
occurred  (sample  C,  30  days,  and  sample  D, 
30  days)  the  amount  of  precipitation  was 
extremely  small.  These  results  indicate  that 
the  changes  in  the  appearance  of  the  blends 
with  age  is  caused  chiefly  by  a  mechanical 
settling  of  the  flocculated  particles  and  that 
the  chemical  equilibrium  established  after  1- 
day  aging  is  only  slightly  affected  by  time. 

The  precipitation  point  determined  with 
the  microscope  indicates  a  break-down  in 
the  structure  of  the  tar  and  can  be  determined 
precisely.  However,  this  determination  re- 
quires the  use  of  considerable  special  appara- 
tus and  is  time  consuming.     The   separation 


point  is  closely  related  to  this  precipitation 
point  and  the  simplicity  of  the  method  makes 
it  a  more  valuable  laboratory  test. 

Microscopic  study  of  all  the  blends  involved 
in  the  determination  of  the  separation  points 
shown  in  table  5  showed  that  for  the  unfiltered 
tars  there  was  a  progressive  flocculation  of 
the  dispersed  phase  with  increasing  percent- 
ages of  Diesel  oil.  Photomicrographs  were 
made  to  show  this  effect  and  also  to  show  the 
appearance  of  the  tars  at  the  various  critical 
points. 

Photomicrographs  of  each  base  tar,  the 
appearance  of  the  blend  at  the  separation 
point,  the  appearance  of  the  filtered  tar  at 
the  precipitation  point,  and  the  appearance 
of  the  filtered  tar  at  the  separation  point  are 
shown  in  figure  2.  In  each  part  of  the  figure, 
the  type  of  tar  and  the  percentage  of  Diesel 
oil  in  the  blend  are  indicated  by  letter  and 
number.  The  blends  for  all  these  photo- 
micrographs were  1  day  old  and  the  pictures 
were  taken  of  fresh  slides  that  stood  undis- 
turbed for  approximately  15  minutes,  until 
all  movement  stopped.  The  slides  were  made 
with  a  sliding  gage  which  gives  a  film  thick- 
ness of  0.001  inch  except  those  shown  in 
figures  2B  and  the  IE  series,  which  were 
0.0005-inch  films.  No  cover  glass  was  used 
for  any  of  these  photomicrographs.  The  mag- 
nification in  all  cases  is  58  diameters. 

The  coke-oven  tar  A  has  the  most  finely 
divided  particles  of  any  of  the  base  materials 
studied.  The  separation  point  for  this  tar 
resulted  from  the  flocculation  of  the  dispersed 
phase  and  the  precipitation  of  these  conglom- 
erates from  the  tar  blend.  When  viewed 
immediately,  the  precipitated  particles  in  the 
filtered  tar  had  a  fine  lacy  structure  and  were 
evenly  distributed  throughout  the  field.  How- 
ever, they  quickly  coalesced,  forming  closely 
clustered  masses.  The  photomicrograph  of 
the  1-day  old  blend  shows  these  clusters  after 
coalescence  into  larger  groups  (top  right  illus- 
tration, fig.  2). 


The  horizontal-retort  tar  B  was  very  difficult 
to  photograph  because  of  its  high  concentra- 
tion of  free  carbon.  It  was  necessary  to  use  a 
0.0005-inch  film  thickness  for  the  original 
material.  The  precipitated  particles  in  the 
third  illustration  in  the  B  series,  figure  2, 
were  evenly  distributed  when  the  slide  was 
first  made,  but  they  quickly  formed  the  pattern 
shown.  The  same  is  true  for  the  fourth  illus- 
tration in  the  B  series.  Small  droplets  of 
excess  oil  which  had  separated  from  the  mass 
of  the  tar  were  visible  under  the  microscope, 
but  these  are  obscure  in  this  photomicrograph. 
.The  vertical-retort  tar  C  (fig.  2C)  showed 
essentially  the  same  type  of  behavior  as  did 
the  coke-oven  tar  A.  One  important  differ- 
ence between  these  two  materials  which  can- 
not be  shown  by  the  photographs  is  the 
difference  between  the  color  and  opacity  of 
the  continuous  phase.  The  film  for  the  coke- 
oven  tar  A  is  a  brownish  red  and  requires  a 
considerably  greater  light  intensity  for  photo- 
graphing than  does  the  yellow  film  for  the 
vertical-retort  tar  C.  The  dispersed  particles 
in  the  original  tar  are  initially  larger  for 
sample  C  than  for  sample  A. 

The  water-gas  tar  D  (fig.  2D)  shows  evenly 
distributed  small  bodies  throughout  the  tar 
with  large,  very  black  particles  scattered  un- 
evenly. These  particles  will  settle  from  the 
tar  on  long  standing  and  are  not  an  integral 
part  of  the  tar  system.  For  this  material,  the 
separation  is  chiefly  a  separation  into  two 
liquid  phases.  This  is  most  clearly  shown  by 
the  filtered  tar  blend  in  the  last  illustration 
in  the  D  series,  figure  2. 

The  extremely  viscous  water-gas  tar  E  (fig. 
2E)  shows  considerably  more  of  the  large 
carbon  particles  than  does  sample  D.  The 
separation  in  this  case  occurs  when  the  tar 
cannot  dissolve  any  more  Diesel  oil  and  the 
very  light  oils  separate  out,  leaving  the  bulk 
of  the  tar  with  generally  the  same  appearance 
as  the  original.  Slides  of  this  material  are 
very  difficult  to  make  because  of  the  lubri- 


A-IO 


D-20    .     || 

Figure  .3. — Photomicrographs  of  blends  of  coke-oven  tar  A  and  water-gas  tar  D  with  Diesel  oil,  showing  progressive  flocculation  of  the 
disperseil  phase.  The  type  of  tar  and  the  percentage  of  Diesel  oil  in  each  blend  are  indicated  at  the  bottom  of  each  photograph  by- 
letter  and  number. 
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Table  6. — Characteristics  of  special  blends  tcith  heavy  water-gas  tar  I) 


Blend 

Composition  by  volume 

Specific  gravity 
at  25°  C. 

Cine- 
matic 

viscosity 

of  unfil- 

tered 

sample 

at  35° 

C. 

Diesel  oil  added 

to  reach  separation 

point 

Total  Diesel  oil  in 

blend  at  separation 

point 

Base 

tar 
D 

Light 
water- 
gas  tar 
11 

Diesel 
oil 

Unfil- 
tercd 
sample 

Filtered 
sample 

Dnfil- 

tered 

sample 

Filtered 
sample 

"ten"!'       F""r'"' 
sample       sa""jk' 

a 

Percent 
65 
65 
65 
65 
65 
65 

Percent 
35 
28 
21 
14 

7 

0 

Percent 
0 

7 
14 
21 
28 
35 

1.144 
1.129 
1.111 

1.075 
1.061 

1. 136 
1.126 
1.104 
1.086 

1.071 
1.054 

Centi- 
stokes 
452 
353 
250 
101 
196 

Percent 
37.  5 
32.5 
27.5 
17.5 
10.0 

Percent 
37.  5 
32.5 
27.5 
17.5 
10.0 

Percent 
37.5 

3.7.2 

37.6 

• 

35.2 

Percent 
37.  5 

37.  2 

35.  2 

6... 

c 

d... 

e 

/..... 

0                   0 

35. 0             35.  0 

eating  effect  of  the  separated  oil  which  pre- 
vents an  even  distribution  of  the  tar- Diesel 
oil  film. 

The  photomicrographs  (magnified  58  times) 
shown  in  figure  3  are  typical  examples  of  the 
progressive  flocculation  of  the  dispersed  phase 
which  occurs  when  increasing  percentages  of 
Diesel  oil  are  added  to  the  unfiltered  tar.  In 
these  cases  the  0.001-inch  tar  film  was  covered 
immediately  with  a  cover  glass  which  pre- 
vented the  pattern  formation  previously  dis- 
cussed. The  type  of  tar  and  the  percentage 
of  Diesel  oil  in  the  blends  are  indicated  by 
letter  and  number,  in  each  part  of  the  figure. 
It  is  noted  that  the  flocculation  of  the  dispersed 
phase  has  progressed  to  an  advanced  stage 
before  separation  occurs.  The  blends  shown 
in  figures  3A-25  and  3D-80  are  2.5  percent 
below  the  separation  point.  The  point  at 
which  visual  separation  occurs  cannot  be  de- 
termined under  the  microscope  by  any  sudden 
change  in  the  appearance  of  the  blends  of  the 
unfiltered  tar. 

VISCOSITY  OF  TAR  HAS  SLIGHT 
EFFECT  ON  SEPARATION   POINT 

In  these  series  of  blends  there  were  wide 
differences  in  the  viscosities  of  the  original 
materials,  and  the  various  amounts  of  Diesel 
oil  added  gave  blends  that  were  widely  differ- 
ent in  viscosity  at  the  separation  point.  A 
limited  study  of  blends  of  approximately  the 
same  viscosity  was  made,  using  the  heavy 
water-gas  tar  D  as  the  base  material.  Six 
blends  were  made,  with  a  constant  volume  of 
65  percent  of  the  base  material  and  35  percent 
of  a  flux  made  up  of  combinations  of  the  light 
water-gas  tar  H  and  Diesel  oil.  The  propor- 
tion of  Diesel  oil  in  the  flux  varied  from  0  to 
100  percent  in  20  percent  increments.  The 
composition  and  characteristics  of  these 
blends  are  shown  in  table  G.  The  appearance 
of  each  of  these  materials  1  day  after  blending 
is  shown  in  figure  4,  and  the  same  identifying 
letters  are  used  as  in  table  (i.  These  photo- 
micrographs, of  0.001-inch  films  magnified  58 
times,  show  progressive  flocculation  with 
increasing  percentages  of  Diesel  oil  in  essen- 
tially the  same  manner  as  did  the  base 
materials  already  shown. 

The  last  two  columns  of  table  0  show  i 
a  slight  downward  trend  in  the  total  amount 
of  Diesel  oil  at  the  separation  point  as 
amount  of  true  flux,  //.  is  decreased.  If  the 
viscosity  of  the  combination  of  the  base  tar 
and  flux  H  be  considered,  it  is  seen  that  ilns 
series  is  equivalent  to  a  series  of  tars  ranging 


from  approximately  RT-4  (viscosity  range 
of  blend  a)  to  RT-8  (viscosity  range  of 
tar)  and  thus  it  is  indicated  that  the  viscosity 
has  only  a  minor  influence  on  the  separation 
point.  The  kinematic  viscosity  data  shown 
in  table  6  indicate  a  break  in  the  viscosity- 
composition  curve  of  the  unfiltered  tars 
caused  by  the  increasing  flocculation.  The 
viscosities  of  blends  e  and  /  rise  slightly 
instead  of  decreasing  as  would  be  expected  by 
the  trend  of  decreasing  viscosity  for  additional 
Diesel  oil  established  by  the  blends  a 
through  d. 

IJNSULFONATABLE  HYDROCARBONS  AT 
SEPARATION  POINT  VARY 

In  order  to  stud}  t  he  effect  of  unsulfonat- 
able  hydrocarbons  on  the  properties  of  KT-2, 
RT-3,  and  other  grades  of  road  tar,  a  number 
of  combinations  of  the  base  and  flux  materials 
shown  in  table  3  were  made.  Diesel  oil  was 
also  added  when  materials  of  very  high  sulfo- 
nation  indexes  were  desired.  To  obtain  base 
materials  of  the  same  order  of  viscosity,  it 
was  necessary  to  distill  samples  .1  and  C  to 
270°  C.      The  residues  from  these  distillations 


were  then  used  as  the  base  material  in  all  the 
blends  for  samples  A  and  C. 

Table  7  shows  the  results  of  various  tests 
made  on  a  series  of  blends  for  each  base  tar. 
The  blends  with  suffix  number  /  represent  a 
balanced  road  material  made  up  in  accordance 
with  the  suggestions  of  the  producer  who 
supplied  the  material.  These  blends  are  be- 
lieved to  be  representative  of  the  best  prac- 
tices for  manufacturing  road  tars  of  the  HT-2 
and  RT-3  grades  using  only  a  single  type  of 
base  material.  Photomicrographs  of  I 
blends  show  them  to  have  the  same  general 
appearance  and  very  nearly  the  same  degree 
of  dispersion  as  do  the  original  base  tars.  The 
blends  with  suffix  number  2  contain  the  same 
percentages  by  weight  of  base  and  light  flux, 
but  the  medium  fluxing  material  has  I 
replaced  with  percentage  of  the  high 

sulfonation-index  light  water-gas  tar.  /.  In 
all  cases,  except  for  sample  A  in  which  no 
change  was  noted,  the  separation  point  was 
when  sample  /  was  used.  No  appreciable 
flocculation  could  be  detected  in  these  blends. 

The  blends  with  suffix  numbers  3  and  .; 
were  made  using  only  the  light  water-gas  tars 
as  fluxes.  For  the  cumber  3  blends  sample  / 
(high  sulfonation  index)  was  used,  and  for  the 
number  4  blends  -ample  //  (low  sulfonation 
index)   was  used.      1      thesi  the  separa- 

tion point  was  less  for  the  number  3  blends, 
which  contain'  1  '  ; l(  greater  amount  of  unsul- 
e  hydrocarbons,  than  for  the  number 
.'t  blends.  The  blends  with  suffix  number  5, 
made  with  samples  .1  and  I),  each  contain  the 
same  percentage  of  unsulfonatable  hydro- 
carbons  as  did  the  number  3  blends  of  the 
ied  i\  e  material,  but  the  source  of  the  flux 
and  the  sulfonation  residue  differs.  The  flux 
for  the  number  5  blends  was  a  mixture  of 
Diesel  oil  and  -ample   //.      In   .  the 

separation  point   was  2.5  percent  (one  incre- 


100:0    " 


20:60-  .-;£*. 

Figure  t. — Photomicrographs  <>/  blends  <>l  water-gas  '<"  l>  containing  65  /•<  <<  enX  '•*  volume 
,<f  the  base  tur  and  <i  flux  oj  various  proportions  >>i  light  water -gas  1'ir  II  and  Diesel 
oil.  Ih<-  proportions  of  the  //"<  in  each  blend  are  indicated  at  the  bottom  >>i  >  ■•■  l> 
photograph,  the  first  number  '» ■in:  th,  percentage  <>l  '<"  H,  and  '>'<  set  •>n,l  numbt  t 
tb<-  percentage  <>/  Diesel  oil. 
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Table  7. — Characteristics  of  blends  of  base  tars  with  various  fluxes 


Blend  identification 

Composition 

Specific 

gravity 

at 

25°/25°C. 

Kine- 
matic 
viscosity 
at35°C. 

Sulfona- 

tion 
index  to 
355°  C. 
(calcu- 
lated) 

Separa- 
tion 
point 

Total  vol- 
ume of 

unsulfonat- 
able  distil- 
late at  sep- 
aration 
point 

Base 

Medium  flux 

Light  flux 

Identi- 
fication 

Weight 

Volume 

Identi- 
fication 

Weight 

Volume 

Identification 

Weight 

Volume 

Blends  with  tar  A: 
A-l 

A' 

A* 
A  i 
Ai 

A> 

At 

B 
B 
B 

C> 
Ci 
Ci 
C" 
Ci 

c 

D 
D 
D 
D 
D 
D 
D 
D 

E 
E 
E 
E 
E 
E 

Percent 
70.0 
70.0 
70.0 
70.0 
70.0 
70.0 
70.0 

70.0 
70.0 
70.0 

68.0 
68.0 
68.0 
68.0 
68.0 
68.0 

67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
67.0 
67.0 

62.5 
62.5 
62.5 
62.5 
62.5 
62.5 

Perce  jtl 
67.7 
65.8 
66.0 
67.4 
65.2 
63.8 
62.7 

66.3 
65.5 
63.3 

66.1 
65.1 
65.2 

66.7 
65.5 
64.5 

64.8 
63.6 
63.7 
65.3 
64.1 
61.4 
60.8 
60.0 

60.2 
58.9 
59.9 
60.6 
56.6 
55.4 

H 
I 
I 
H 
H 
I 
I 

G 
I 
I 

G 

I 
I 

H 
I 
I 

G 
I 

I 
H 
H 
I 
I 
I 

G 

I 
I 
H 

I 
I 

Percent 
15.0 
15.0 
30.0 
30.0 
24.9 
15.0 
7.5 

15.0 
30.0 
15.0 

16.0 
20.0 
32.0 
32.0 
16.0 
8.9 

20.0 
20.0 
33.0 
33.0 
27.5 
16.5 
8.3 
5  0 

25.0 
25.0 
37.5 
37.5 
18.75 
9.4 

Percent 
16.0 
17.0 
34.0 
32.6 
27.9 
16.4 
8.1 

16.1 
34.5 
16.7 

16.2 
21.8 
34.8 
33.3 
15.7 
7.7 

20.6 
22.0 
36.3 
34.7 
28.4 
17.5 
8.7 
5.1 

25.7 
27.4 
41.1 

39.4 

19.7 
9.7 

F.— 

Percent 
15.0 
15.0 

Percent 
17.3 
17.1 

1.164 
1.150 
1.149 
1.179 
1.135 
1.111 
1.093 

1.179 
1.160 
1.126 

1.116 
1.100 
1.101 
1.127 
.991 
.976 

1.132 
1.112 
1.109 
1.141 
1.121 
1.074 
1.056 
1.048 

1.133 
1.108 
1.105 
1.140 
1.066 
1.044 

Cenli- 

stokes 

298 

0.4 
2.3 
5.0 
.3 
5.0 
13.0 
17.6 

.4 
4.2 
13.1 

2.2 
4.7 
6.1 
2.1 
14.0 
18.7 

.5 
3.0 
4.5 
.4 
4.5 
14.4 
19.2 
21.2 

.6 

3.7 

5.1 

.5 

16.3 

21.8 

27.5 
27.5 
20.0 
27.5 
22.5 

2.5 

(') 

12.5 

5.0 

(') 

32.5 
27.5 
17.5 
30.0 

(») 

(') 

40.0 
37.5 
27.5 
40.0 
30.0 
10.0 
2.5 

m 

35.0 
32.5 
22.5 
35.0 
2.5 
(') 

Percent 
17.9 
19.5 
17.4 
17.9 
19.0 
15.8 

A-t 

F._ 

AS 

847 

A-i 

A-5 

Diesel  oil 

do 

do 

5.1 
15.0 
22.5 

15.0 

6.9 
19.8 
29.2 

17.6 

835 
851 

AS. 

A-7  ...  . 

Blends  with  tar  B: 
B-l     . 

F 

232 

1,158 

8.4 
7.9 

BS     . 

B-6  ._ 

Diesel  oil 

F. 

15.0 

16.0 
12.0 

20.0 

17.7 
13.1 

Blends  with  tar  C: 
C-l       .                    

264 

22.5 
21.4 
16.7 
20.8 

C-g 

F 

cs 

885 

C-i 

C-6 

Diesel  oil 

do 

F 

16.0 
24.0 

13.0 
13.0 

18.8 
27.8 

14.6 
14.4 

863 

C-7 

Blends  with  tar  D: 
D-l  .. 

173 

25.9 
26.1 
21.2 
25.9 
22.8 
20.1 
20.4 

D-l  . 

F... _ 

D-3 

452 

D-l, 

Diesel  oil 

do 

5.6 
16.5 
24.7 
28.0 

12.5 
12.5 

7.5 
21.1 
30.9 
34.9 

14.1 
13.7 

452 
298 
347 

D-6 

D-7 

do 

do 

F 

D-8  .. 

Blends  with  tar  E: 
E-l 

263 

22.8 
23.6 
18.7 
22.8 
18.5 

E-g 

F 

E-S     . 

1,010 

E-i 

E-G 

Diesel  oil 

do 

18.75 
28.1 

23.7 
34.9 

804 

E-7 

1  Residue  from  distillation  to  270"  C. 


»  Blend  separated. 


merit)  higher  for  blend  5  than  for  blend  3. 
Photomicrographs  showed  no  discernible  dif- 
ference in  the  degree  of  dispersion  in  these 
tars. 

The  blends  with  suffix  numbers  6,  7,  and  8, 
together  with  number  3,  form  a  series  in  which, 
for  each  tar,  a  constant  percentage  by  weight 
of  base  tar  was  blended  with  a  flux  in  which  the 
amount  of  unsulfonatable  hydrocarbons  varied 
greatly.  The  flux  for  the  number  6  blends 
contained  50  percent  by  weight  of  Diesel  oil 
and  50  percent  by  weight  of  sample  /.  The 
flux  for  the  number  7  blends  contained  75 
percent  (by  weight)  Diesel  oil  and  25  percent 
sample  I.  For  the  number  8  blend  with  sam- 
ple D,  the  flux  was  85  percent  (by  weight) 
Diesel  oil  and  15  percent  sample  /.  The 
blends  for  each  of  the  base  materials  showed 
the  same  behavior  as  the  series  reported  in 
table  6  for  the  water-gas  tar  £>;  that  is,  those 
blends  with  smaller  amounts  of  tar  flux  and 
greater  amounts  of  Diesel  oil  showed  increasing 
flocculation  of  the  dispersed  phase  as  the 
percentage  of  Diesel  oil  increased. 

Unusual  behavior  was  shown  by  the  blends 
from  sample  B,  the  horizontal-retort  tar. 
These  samples  formed  a  gel  with  Diesel  oil  at 
percentages  considerably  lower  than  the  point 
at  which  two  distinct  phases  could  be  de- 
tected. Microscopic  examination  showed  that 
this  gelling  was  caused  primarily  by  the  high 
concentration  of  the  flocculated  particles. 
These  formed  a  lacy  network  which,  upon 
standing,  developed  a  structural  strength 
from  the  coherence  of  the  tar  particles. 
After  standing  overnight,  containers  holding 
these  samples  could  be  inverted  without 
causing  flow.  After  stirring,  however,  the 
material  flowed  freely.     Special  blends  were 


made  using  the  filtered  tar  as  base,  with  the 
same  percentages  of  flux  as  was  used  in  the 
B-l  and  B-3  blends.  This  filtered  B-l 
blend  had  a  precipitation  point  (microscopic) 
of  12.5  percent,  and  the  filtered  B-3  blend  had 
a  precipitation  point  of  2.5  percent.  These 
points  were  in  close  agreement  with  the  point 
of  gelling,  12.5  percent  for  B-l  and  5.0 
percent  for  B-3,  determined  for  the  unfiltered 
blends.  The  separation  point  for  the  filtered 
blends  was  20  percent  for  B-l  and  10  percent 
for  B-3. 

The  final  column  in  table  7  shows  the  total 
percentage  of  unsulfonatable  material  present 
in  the  test  blend  at  the  separation  point,  as 
calculated  from  the  amount  in  the  Diesel 
oil  added  and  from  that  contained  in  the 
tar  as  determined  by  the  sulfonation  index. 
The  amount  of  unsulfonatable  hydrocarbons 
that  can  be  tolerated  by  each  tar  is  approxi- 
mately constant.  Much  of  the  variation  in 
each  group  of  blends  is  caused  by  the  method 
of  test  for  the  separation  point,  since  the  Diesel 
oil  was  added  in  increments  of  2.5  percent, 
each  increment  representing  1.6  percent  of 
unsulfonatable  material  in  the  blend. 

Another  source  of  variation  is  the  large 
difference  in  the  amount  of  good  tar  flux 
present  in  the  blends,  since  this  material  will 
tolerate  more  Diesel  oil  than  will  the  base  tar. 
The  average  value  of  the  percentage  of  paraf- 
finic  and  naphthenic  hydrocarbons  required 
to  cause  separation  varied  for  each  base 
material,  with  the  lower  values  being  obtained 
with  the  coal  tars.  These  values  were  17.9 
percent  for  sample  A,  8.1  percent  for  sample 
B,  and  20.3  percent  for  sample  C.  The 
values  for  the  water-gas  tars  were  23.2  per- 
cent for  D,  and  21.3  percent  for  E. 


The  blends  reported  in  table  7  were  made 
with  a  limited  number  of  materials  and  in 
most  cases  essentially  all  of  the  unsulfonatable 
hydrocarbons  present  in  the  various  blends 
were  from  the  Diesel-oil  flux.  In  order  to 
obtain  data  that  would  be  more  representative 
of  the  materials  which  are  encountered  in 
practice,  a  number  of  trade  tars  were  tested. 
These  tars  were  selected  so  as  to  give  as  wide 
a  range  in  the  sulfonation  index  as  was  pos- 
sible. The  very  high  sulfonation-index  tars 
selected  include  almost  all  such  tars  submitted 
to  the  laboratory  over  a  period  of  several 
years  and  are  not  typical  of  the  usual  road  tar 
submitted  for  routine  analysis.  Some  of  the 
test  characteristics  for  these  materials  are 
shown  in  table  8.  Comparison  of  the  separa- 
tion point  with  the  sulfonation  index  shows 
that  there  is  a  definite  trend  toward  a  decreas- 
ing separation  point  for  an  increasing  sulfona- 
tion index  of  the  total  distillate  to  355°  C. 
This  is  also  shown  by  the  close  agreement  of 
the  total  amount  of  unsulfonatable  distillate 
required  to  cause  separation  (last  column  of 
table  8),  since  for  an  exact  inverse  relation 
between  sulfonation  index  and  separation 
point  this  value  would  be  a  constant. 

There  are  some  materials  that  show  devia- 
tions in  this  value  which  are  considerably 
larger  than  can  be  attributed  to  experimental 
error.  This  is  probably  caused  by  a  low 
resistance  to  flocculation  of  the  particular 
base  tar  or  by  an  unbalanced  blend  of  tar 
materials.  In  general,  however,  neither  the 
grade  of  the  material  nor  its  source  (as  repre- 
sented by  the  producer)  made  any  definite 
difference  in  the  amount  of  unsulfonatable 
hydrocarbons  that  could  be  tolerated  by  the 
tar.     The  average  percentage  of  unsulfonata- 
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ble  hydrocarbons  in  the  blend  at  the  separa- 
tion point  is  21.9.  The  average  deviation 
from  this  mean  is  ±  2.2  percent.  Since,  as 
previously  noted,  the  procedure  for  the  deter- 
mination of  the  separation  point  requires  the 
Diesel  oil  to  be  added  in  increments  of  2.5 
percent,  which  equals  1.6  percent  unsulfona- 
table  material,  it  is  concluded  that  most  tar 
being  used  for  the  manufacture  of  road  ma- 
terials will  separate  with  essentially  the  same 
percentage  of  paraffinic  and  naphthenic  hydro- 
carbons. 

Microscopic  examinations  of  the  trade  tars 
show  that,  as  was  the  case  with  the  laboratory 
blends,  the  degree  of  flocculation  of  the  par- 
ticles in  the  tar  increases  as  the  separation 
point  decreases.  This  is  shown  by  the  photo- 
micrographs in  figure  5,  in  which  1  and  12  are 
samples  so  identified  in  table  8  (sample  X 
illustrated  in  figure  5  is  not  included  in  table 
8).  It  should  also  be  noted  that  those  mate- 
rials that  have  lower  separation  points  than 
would  be  indicated  by  the  sulfonation  indexes 
are  flocculated  to  a  greater  degree  than  are 
those  having  separation  points  more  consistent 
with  the  sulfonation  indexes.  This  is  indi- 
cated by  the  appearance  of  the  tars  shown  in 
figures  5-12  and  5-X.  There  is  a  wide  differ- 
ence in  the  separation  points  of  the  two  tars — 
12.5  for  the  sample  in  figure  5-12  and  2.5  for 
the  sample  in  figure  5-X — while  the  sulfo- 
nation indexes  of  the  total  distillate  to  355°C. 
are  7.5  and  8.8,  respectively,  which  is  equiva- 
lent to  a  difference  of  only  1.3  percent  in 
unsulfonatable  material. 

KIN  KM ATIC  VISCOSITY— COMPOSITION 
CURVES 

The  effect  of  the  unsulfonatable  hydro- 
carbons on  the  kinematic  viscosity  of  tars  was 
studied  by  blending  the  base  tars  and  selected 
trade  tars  with  various  percentages  of  either 
Diesel  oil  or  a  coal-tar  distillate  (sample  F, 
table  3).  The  kinematic  viscosities  of  these 
blends  at  35°  C.  were  determined  by  means  of 
a  capillary  viscosimeter.3 

In  order  to  insure  uniform  blending,  the 
blends  of  the  base  tars  were  prepared  by  add- 
ing the  desired  amount  of  flux  and  wanning  in 
a    closed    container    on    the    steam    bath    to 


Table  8. —  Test  characteristics  for  various  grades  of  road  tars 


'  This  viscosimeter  and  the  procedure  for  making  the  test 
is  the  same  as  that  described  in  the  report  The  determination 
of  the  kinematic  viscosity  of  petroleum  asphalts  with  a  capillary 
viscosimeter,  by  R.  IT.  Lewis  and  W.  J.  Halstead;  Public 
Roads,  vol.  21,  No.  7;  September  1940;  p.  127. 


Identification 


Consistency 


Pro-     ' 
ducer   s**«fic    Float 

cosfty    *?« 
at  40°   **    y 
C. 


Grade  RT-2  tar,  sample: 

s 

4 .   ... 

6.. 

6 

7 

8... 


10 

It 
It 

IS 

14 


Average  for  grade.. 

Grade  RT-3  tar,  sample: 
16. 


f. 
/. 
X 
V 
X 

z 

X 
X 
X 

w 

X 
X 

Y 
X 


17. 
18. 
19. 

to. 

21. 
22. 
23. 


26. 
27. 
28. 
29. 


Average  for  grade . . 

Grade  RT-4  tar,  sample: 

SO 

SI. 

S2 

SS  . 

Average  fur 

Grade  RT-5  tar,  sample: 

Si 

35-... 

36 
Average  for  grade. . 

Grade  RT-6  tar,  sample: 

37 

38 

Average  for  grade. . 

RT-8  tar,  sample: 

39 

40 --- 

41 

4t—  - 

•  4S  

A    i  rage  for  grade.. 


Average  for  all  grades. 


12.2 
12.9 
10.1 
12.3 
11.8 
11.3 
11.7 
9.1 

11.8 

12.7 
11.2 
12.1 
11.5 
12.9 


Sec- 
onds 


at  25°/ 
25°  C. 


Soften- 
ing 
point 
of  resi- 
due 
above 
300°  C. 


Sulfonation  index 


Distil- 
300°  C. 


1.152 
1.14* 
1.128 
1.122 
1.108 
1.137 
1.115 
1.126 
1.102 
1.183 
1.111 
1.098 


50.7 


49.6 


29.2 
33.0 
46.8 
40.4 
47.2 

59.2 
35.7 


17.3 
16.2 
21.2 
20.5 

17.0 
15.9 
15.0 
13.3 
20.0 
13.  * 
14.9 
13.3 
■ 
20.7 


32.5 

23.1 

28.4 


'25.0 
'22.2 
'22.6 


'31.6 


r 


i 
x 

s 

X 

x 


117 
85 
102 
106 
94 


1.151 
• 
1.127 
1.122 
1.146 
1.136 
1.130 
1.155 
1.128 
1.104 
1 .  0*7 
1.075 
1.090 
1.085 
1.055 


1.135 
1.115 
1.108 
1.086 


1.180 
1.159 
1.140 


1.232 
1.145 


1.196 
1.212 
1.166 
1.182 
1.154 


33.5 


50.8 
37.0 
57.1 
50.4 
28.2 
33.0 
36.5 
42.9 


40.7 

44.5 
46.5 
42.0 
48.2 


0.3 
.9 
1.5 
1.8 

2.9 
3.3 
3.2 
4.0 
5.2 
6.4 

10.3 
6.9 


.6 

.8 

2.2 

2.2 

-    • 

3.9 

4.'.' 

6.0 

7.6 

7.2 

7.7 

111.2 

10.8 

12.4 

17.0 


Distil- 
late 
from 
300°  C. 

to 
355°  C. 


Total 
distil- 
late to 
355°  C. 


Sepa- 


Volume 
of  un- 
sulfon- 
atable 


ration      distil- 
point   '     late 

at  sepa- 
ration 


0.1 
.1 

.7 

2.e 

1.4 
1.2 
1.6 
1.4 
.5 
1.0 
2.1 
: 

4.5 


.2 

.3 

.8 

1.0 

- 

1.0 

1.5 

.4 

.1 

2.6 

3.4 

3.1 

3.0 

2.4 

2.2 


80.  ' 
47.5 
32.6 
56.5 


55.4 
39.6 
59.4 


58.5 
60.0 


73.3 
42.6 
41.6 
49.2 
60.8 


2.2 
3.4 
7.1 
16.0 


0.4 
1.0 
2.2 
2.5 
4.2 
4.3 
4.5 
4.8 

5.7 
7.4 

11.0 
11.4 


.8 
1.1 
3.0 
3.2 
3.6 
4.9 
6.4 

7.7 
9.8 
11.1 
13. 3 
13.8 
14.8 
19.2 


.3 
1.5 


4.5 

7.1 


.5 
1.4 

4.1 
2.4 


.1 
2 
.6 


.2 

- 


.1 

.2 

1.0 

1.2 

1.6 


2.7 

■ 

11.2 

18.4 


.3 

.7 

2.3 


.5 
2.3 


.2 
.6 
1.9 

5.7 

- 


32.5 

27.5 
32.5 
32.5 
25.0 
30.0 
27.5 
27.5 
27.5 
12.5 
27.5 
12.5 
17.5 
15.0 


37.5 
37.5 
35.0 
27.5 

25.0 
25.0 
17.5 
22.5 

17.5 

12.5 
20.0 

7.5 
2.5 


37.5 
27.5 
10.0 
5.0 


25.0 
32.5 
32.5 


27.5 
32.5 


30.0 
27.5 
30.0 
25.0 
20.0 


Percent 

21.3 
18.7 
23.3 

20.7 
24.1 
22.6 
23.0 
23.6 
II  6 

23.3 


24.9 

- 

21.2 
21.7 

. 
23.2 

23.1 

22.3 
20.9 
22.5 

27.1 
23.0 

23.2 
23.0 

16.3 
21.5 
23.3 
20.4 

23.3 
20.7 

19.4 

• 
21.5 
..    • 
24.2 
21.2 

21.d 


1  Specific  viscosity  at  50°  C. 

approximately  60°  C.     The  sample  was  I 
stirred  until  a   uniform   blend  was  obtained. 
The  blends  with  the  RT-2  and  RT-3  mate- 
rials were  made  at  room  temperature. 

The    viscosity    tests    of    all    the    blends    in 
which  the  coal-tar  distillate   was   the  diluent 


Figure  .>. — Photomicrograph*  <>f  trade  tors  showing  variation*  in  degree  of  flocculation 
with  variations  in  the  separation  i><>int.  The  percentage  <>f  Diesel  oil  added  to  the 
tar  at  the  separation  point  is  indicated  by  tin-  left-hand  number  at   the  bottom  of 

each  photograph;  the  sulfonation  index  on  the  total  distillate  t<>  355*  C.  b)  '/'<  right- 
hand  number. 


were  not  affected  by  the  period  of  aging  or 
the  amount  of  stirring  of  the  material  before 

Dg.      It   was  concluded   that    in   the   pro- 
portions used  for  these  tests  the  tar  distillate 
was  completely  compatible  with  all  the  tars. 
The  blends  with  low  percentages  of   i '  ■  -•  ' 
oil  in  which  the  lloceulation  was  not 

rally  had  the  same  viscosity  at   the  top 
atid  bottom  of  the  sample  and  also  after  stand- 
ing   overnight    without    stirring.      The    bit 
with   pen  I  •  il  near  or  c:  i 

than  the  separation  point  gave  erratic  results. 
Such  blends  were  allowed  to  stand  overnight 
in  the  viscosimeter  tube  and  brought  t" 
temperature   without    stirring.      The   capillary 

q   immersed   to  a   depth  of 
centimeters  for  the  first  test  and  to  a  depth  of 
2.0  centimeters  for  the  second  test.     In  i 

where   a    definite   separation    into    two    phases 
had  occurred,  the  depth  of  immersion  of  the 
capillary  tube  for  the  Becond 
so  that   the  tip  <>f  the  I  in   the  lower 

The  Viscosity  of  each  pi  thus 


PUBLIC  ROADS     •     Vol.  25,  No.  3 


Table  9. — Kinematic  viscosity  of  base  tars  blended  with  various  percentages  of  Diesel  oil 

and  coal-tar  distillate 


Identification  of  tar  and  volume  of  diluent  in  sample 

Kinematic  viscosity  at  35°  C. 

Coal-tar 

distillate 

blends 

Diesel-o 

il  blends 

Top 

Bottom 

Coke-oven  tar  A  '  with  diluent  percentage  of: 

0 

Centistokes 

120,000 

4,800 

609 

Centistokes 

120,000 

8,300 

1,700 

1,530 

1,470 

1,490 

840 

5 

.".i.  iiiio 
4,  930 
3,  720 
2,980 
3,120 
2.580 
2,820 
400 

Centistokes 
120,000 
8,300 
1,700 
1,530 
1,470 
1,830 
3,080 
7,130 

29,000 
4,930 
3,720 
2,980 
3, 120 
2.580 
2,820 

10.0 

20.0   . 

22.5  

25.0 

27.5 

30.0 

127 

41 

29,000 

40.0 

Horizontal-retort  tar  B  with  diluent  percentage  of: 

0 

10.0 .. _- 

12.5 _ 

15.0- 

17.5.  - __ 

20.0 

755 

22.5 _ 

25.0 -. 

236 
140 

62 

68,800 

5,100 

289 

30.0 

2,960 
12,450 

68,  800 
10,  700 
3,150 
2,650 
1,850 
2,430 
4,100 
105,000 

10,900 
2,450 

40.0 

Vertical-retort  tar  C  '  with  diluent  percentage  of: 

0 

68,800 

10,  700 

3,150 

2,650 

1,850 

66 

51 

16.5 

10.900 
2,450 

10.0 

20.0 

22.5 

25.0 .                         

27.5 

30.0 

142 
50 

10,900 

40.0 

Heavy  water-gas  tar  D  with  diluent  percentage  of: 

0 _ 

10.0 

17.5.. 

410 

20.0 - — -. 

960 

960     ' 

22.5- _- 

219 

87 

30.0 

32.5 _ 

270 
200 
13.5 

5.8 

306,000 
43,  700 
15,000 
3,270 
4.050 
2,560 
16.6 

270 

390 

37, 000 

17,000 

306, 000 
43,  700 
15,000 
3.270 
15,000 

35.0 

40.0 __ 

45.0 

Heavv  water-gas  tar  E  (extreme  case)  with  diluent  percentage  of: 
0    -- _- 

306, 000 
17,800 
1,980 

10.0 --- 

20.0 

22.5..., 

25.0 

27.5 •_._ 

30.0. 

320 

76 

28,  500 
1,050,000 

40.0 

■  Residue  from  distillation  to  270°  C. 

determined.  Because  of  the  grainy  or  floc- 
culated characteristics  of  the  lower  phase, 
check  results  varied  greatly  and  only  an 
approximate  average  value  could  be  deter- 
mined for  this  portion  of  the  material. 

Tables  9,  10,  and  11  show  the  results  of 
these  viscosity  tests.  Table  9  shows  the  data 
for  the  base  tars,  table  10  gives  the  results  for 
the  RT-2  and  RT-3  tars  made  by  fluxing  the 
base  tars  in  the  laboratory,  and  in  table  11 
are  shown  representative  samples  of  RT-2  and 
RT-3  trade  tars. 

These  data  were  plotted,  using  a  viscosity 
scale  the  same  as  that  for  the  modified  vis- 
cosity temperature  charts  (A.  S.  T.  M.  method 
D  341-39)  for  the  ordinates.  A  natural  scale 
for  the  percentage  of  Diesel  oil  in  the  blend 
was  used  for  the  abscissae.  All  the  curves, 
with  the  exception  of  that  for  the  RT-3  tar 
made  with  horizontal-retort  tar  B  as  the  base, 
were  similar  in  appearance. 

Typical  examples  of  these  curves  are  shown 
in  figure  6  for  the  blends  of  sample  A  (table 
9),  the  coke-oven  base  tar  (270°  C.  distillation 
residue) ;  for  sample  D  (table  9) ,  made  with 
the  heavy  water-gas  tar;  for  sample  1  (table 
1 1) ,  the  RT-2  trade  tar;  for  sample  A-l  (table 
10),  the  RT-3  tar  made  from  the  coke-oven 
tar  base;  and  for  sample  25  (table  11),  the 
RT-3  trade  tar.  The  peculiar  behavior  of 
tar-Diesel  oil  blends  of  sample  B-l  (table 
10),  the  RT-3  from  the  horizontal-retort  tar, 


is  also  shown  in  figure  6.  On  the  same  grid 
is  also  shown  a  curve  for  coal-tar  distillate 
blends.  The  data  for  this  curve  are  as 
follows: 

Volume  of  Kinematic 

diluent  viscosity 

in  sample  at  86°  C. 

Percent  ■  Centistokes 

0 232 

10 89.5 

20 47.  3 

30 31.  4 

In  figure  6,  the  coke-oven  tar  A  shows  the 
effect  on  the  viscosity  when  the  separation  is 
that  of  excess  "oil"  separating  from  the  tar. 
In  this  case  there  is  a  considerable  range  in 
which  there  is  only  a  very  small  change  in  the 
viscosity,  with  increasing  amounts  of  Diesel 
oil.  After  the  separation  point  has  been  ex- 
ceeded the  viscosity  of  the  top  phase  becomes 
very  low  while  the  bottom  shows  a  more 
gradual  increase.  For  sample  A-l,  an  RT-3 
from  coke-oven  tar,  there  is  no  wide  range  of 
equal  viscosity.  Upon  separation  both  phases 
retain  liquid  characteristics  and  the  difference 
between  the  value  for  the  viscosity  of  each 
phase  increases  more  slowly.  The  separation 
for  base  tar  D  may  also  be  classed  as  a  separa- 
tion into  two  liquid  phases  and  the  curve  has 
the  same  general  shape  as  that  for  the  RT-3 
(sample  A-l).  For  the  RT-2  trade  tar  (sam- 
ple 1)  and  for  the  RT-3  trade  tar  (sample  25), 


the  separation  is  a  settlement  of  flocculated 
particles  with  the  formation  of  a  grainy  mass 
after  standing.  The  RT-2  is  a  low  sulfona- 
tion  residue  tar  with  a  separation  point  of 
32.5  percent.  The  RT-3  is  a  high  sulfonation 
tar  and  has  a  separation  point  of  7.5  percent. 
Both  curves  show  a  very  rapid  increase  in  the 
viscosity  of  the  bottom  phase. 

For  all  the  blends  made  with  coal-tar  distil- 
late, the  curves  are  approximately  straight 
lines,  with  greater  slopes  than  for  the  initial 
portion  of  the  curves  for  the  Diesel-oil  blends 
for  the  same  tar. 

The  peculiar  behavior  of  sample  B-l,  the 
RT-3  made  from  the  horizontal-retort  tar, 
results  from  the  gelling  action  caused  by  the 
high  concentration  of  the  flocculated  particles. 
As  the  amount  of  Diesel  oil  is  increased,  the 
size  and  concentration  of  the  flocculated  par- 
ticles increases  and  thus  the  resistance  to  flow 
also  increases  and  the  apparent  viscosity  of 
the  blend  increases.  When  the  amount  of 
Diesel  oil  increases  to  such  an  extent  that  an 
excess  of  oil  is  present  this  separates  out  on  top 
while  the  bottom  retains  much  the  same  ap- 
pearance as  the  gel  except  that  it  becomes 
increasingly  more  viscous. 

In  general,  the  erratic  changes  in  curvature 
of  these  viscosity-composition  curves  with 
increasing  amounts  of  Diesel  oil  reflect  the 
developments  of  incompatabihty  of  the  com- 
ponents of  the  blend.  This  was  shown  by  the 
studies  with  the  microscope  to  result  in  the 
flocculation  of  the  dispersed  phase  followed  by 
the  precipitation  of  some  of  the  constituents  of 
the  continuous  phase.  The  percentage  of 
Diesel  oil  in  the  blend  at  the  point  of  separa- 
tion for  the  viscosity  curves  for  the  top  and 
bottom  of  the  samples  corresponds  closely  to 
the  separation  point  determined  in  the  usual 
manner.  Comparisons  of  these  values  are 
shown  in  table  12.  Exact  agreement  is  shown 
in  five  cases  and  in  eight  cases  the  separation 
point  determined  by  the  usual  procedure  was 
2.5  percent  (one  increment)  higher  than  that 
determined  from  the  viscosity  curves.  In  one 
case  (sample  C)  the  separation  point  by  the 
usual  procedure  was  5  percent  lower  than  that 
from  the  curves. 

UNIFORMITY  CHECKED  BY 
SEPARATION-POINT  TEST 

While  the  separation  point  is  not  an  exact 
measurement  of  a  distinct  property  of  a  tar, 
these  results  show  it  to  be  a  valuable  indica- 
tion of  the  compatibility  of  the  components 
in  any  tar  blend.  This  compatibility  is 
closely  related  to  the  amount  of  unsulfonat- 
able  hydrocarbons  present  in  the  tar,  but  the 
relation  between  the  separation  point  and  the 
sulfonation  index  is  not  sufficiently  exact  to 
enable  the  separation-point  test  to  be  used  in 
lieu  of  the  sulfonation-index  test.  Further 
study  of  road  tars  with  this  test  or  similar 
tests  based  on  the  same  principle  to  develop 
correlations  with  service  behavior  is  believed 
necessary  before  it  can  be  used  in  specifica- 
tions. 

The  simplicity  of  the  test  suggests  several 
practical  uses  by  those  engaged  in  testing  or 
conducting  research  on  road  tars.     One  such 
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application  is  its  use  as  a  control  test  to  check 
the  uniformity  of  shipments  from  the  same 
source  and  to  indicate  contamination  with 
petroleum  products  if  this  should  occur. 
This  is  illustrated  by  the  results  obtained  mi 
two  samples  of  the  same  HT-2  grade  road  tar. 
This  material  was  tested  and  the  storage  lank 
sealed.  The  sulfonation  index  was  4.5  (on 
the  total  distillate  to  355°  C.)  and  the  separa- 
tion point  was  27.5  percent.  The  first  dis- 
tributor load  from  the  storage  tank  was  tested 
and  the  separation  point  was  found  to  be  5 
percent.  The  sulfonation  index  was  18.0 
(on  the  total  distillate  to  355°  C).  Investiga- 
tion showed  that  the  distributor  had  been 
filled  with  cut-back  asphalt,  RC-2,  the  previ- 
ous day  and  apparently  had  not  been  cleaned 
before  loading  with  tar.  While  overnighl 
settling  is  necessary  for  a  final  result,  definite 
indications  of  unusual  conditions  are  obtained 
in  the  laboratory  in  only  a  few  minutes  by 
the  use  of  the  separation-point  test. 

Another  application  of  this  test  is  its  use 
in  research  investigations  as  an  indication  of 
the  compatibility  of  the  constituents  and  as 
a  measure  of  the  changes  in  compatibility 
of  the  various  tars  being  studied.  In  such 
applications,  exact  duplication  of  the  pro- 
cedure and  flocculating  agent  (Diesel  oil) 
used  in  this  work  would  not  be  necessary  as 
long  as  the  same  material  and  procedure  is 
used  throughout  a  series  of  tests. 

THEORETICAL  EXPLANATION  OF 
DIESEL-OIL  ACTION 

A  theoretical  explanation  of  the  phenomena 
shown  in  the  test  for  separation  point  is  sug- 
gested by  the  correlation  of  the  results  with 
the  theory  of  the  structure  of  tar  and  other 
bituminous  materials.  Most  authors  at- 
tribute changes  in  the  dispersion  character- 
istics or  mutual  solubility  of  the  hydrocarbon^ 
to  a  change  in  surface  and  interfacial  tension 
as  a  result  of  some  outside  influence.  Oliensis 
discussed  this  theory  in  explaining  the  funda- 
mental significance  of  the  Oliensis  spot  test 
for  asphalts.1 

He  described  the  action  of  the  naphtha 
used  in  the  test  as  weakening  the  surface 
tension  of  the  lighter  phases  in  the  asphalt, 
thereby  increasing  the  interfacial  tension 
between  them  and  the  heavier  phases,  and 
impairing  the  mutual  solubility.  The  degree 
of  impairment  is  made  a  constant  in  the 
Oliensis  test.  The  asphalts  that  develop 
negative  spots  have  mutual  solubilities  (phase 
relations)  which  are  so  stable  they  are  not 
destroyed  by  the  standard  amount  of  naphtha; 
hence  no  insoluble  dispersion  results.  On  the 
other  hand,  those  materials  giving  positive 
spots  do  not  have  stabilities  sufficient  to 
prevent  incompatibility  of  certain  constituents 
when  subjected  to  the  action  of  the  solvent, 
and  a  precipitation  of  these  constituents 
results.  The  separation-point  test  for  tars 
involves  the  same  fundamental  principles. 
In  this  case  the  "disturbing  influence"  or 
"flocculating    force"    is    varied    by     adding 

•  Fundamental  significance  of  Oliensis  spot  test— Quantita- 
tive tests  for  homogeneity,  by  O.  L.  Oliensis;  Proceedl 
the  44th  annual  meeting  of  the  American  Society  for  Testing 
Materials,  vol.  41;  1941;  p.  1108. 


Table  10. — Kinematic  viscosity  of  fluxed  tars  blended  with  various  percentages  of  Diesel  oil 


Identification  of  tar  and  volume  of  Diesel  oil  in  sample 

itic  viscosity  at  35°  C. 

Top 

Bottom 

Cenlistokes 
191 

104 

56 
51 
71 

Sample  A-l  (RT-3  tar)  with  diluent  percentage  of: 
0       

Cenlistokes 
191 

104  • 

56 
51 

10.0 

20.0 

25.0 

27.5 

30.0 

32.5 

20 

111 

168 
153 

122 

501 
600 
300 

37.5 

153 

422 

600 

• 

24.  1  10 

(') 

(') 

- 

30 
24 

19 

0) 
(') 

109 

70 
53 
18 

- 
(') 

2:i4 
121 
7.1 
61 
82 
B7 

Sample  B-t  (RT-3  tar)  with  diluerj                  ige  of: 
0 

5.0 

10.0 

15  0 

17.5 

20.0 

22.5 _■ 

25.0 

27.5 

30.0 

9.  1 

3.2 

186 

■ 
30 
24 
19 

12 

7 

109 
70 
.53 
18 
6.3 

••;.  i 

3.0 

234 
124 

61 

22 

It 
9.  1 

35.0 

45.0 

Sample  C-l  (KT-3  tar)  with  diluent  percentage  of: 

ii 

15.0 

27.5.. 

30.0 

35.0 

urn 

45.0. 

Sample  D-l  (RT-2  tar)  with  diluent  percentage  of: 

ii 

L0.0 

20.0 

35.0 

40.0 

15.0  - 

50.0.    . 

Sample  E-l  (RT-3  tar)  with  diluent  percentage  of: 

0 

10.0 

200 

30.0            

32.5 

0 

37.5            

40.0 

1  Material  semisolid,  wide  variations  in  results  makes  actual  viscosity  indeterminable. 

Table  11. — Kinematic  viscosity  of  trade  tars  blended  with  various  percentages  of  Diesel  oil 

■  mil  coal-tar  distillate 


Identification  of  tar  and  volume  of  diluent  in  sample 

Kinematic  viscosity  al 

Mar 
distillate 

blends 

Top 

Bottom 

Sample/  (KT-2tar)  with  diluent  percentage  of : 
ii                                                     

takes 
170 
69 

-takes 
170 

54 

170 

10.0 

25  0 

28 

17.  1 
11.7 

3.3 

-• 
61 

18.7 
1 1.  6 
11.6 

72 
7. 'Co 

40  0 

- 

Samples  (R  1    2 tat                                        ige  of: 

-• 
11.3 

88 

01 

40  0 

- 

Sample   "  (Rl    2tai    •■■  tl                                of: 

187 

111! 

17 

260 
201 

17.'. 
11 '.i 
10.7 

1*7 
175 

i.               with  diluent  percentage  of: 

differenl   amounts  of   1  liesel  oil       I  he  value 
of  this  flocculating  for©  produce 

tjie  same  condition  in  all  tars  is  measured, 
and  is  represented  by  the  amount   of  Diesel 


nil    required    to    i  a  on    into    two 

phases.  'This  lm-  been  previously  shown 
to  be  very  closely  related  to  the  point  al 
which  some  constituents  that  were  originally 
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Figure  6. — Effect  of  various  percentages  of  diluent  on  the  kinematic  viscosity  at  35°    C. 

of  various  tars. 


soluble  in  the  continuous  phase  become  in- 
compatible and  precipitate  (precipitation 
point  as  shown  by  microscope). 

Essentially  the  same  basic  conception  of  the 
phenomena  involved  was  discussed  recently 
by  E.  J.  Dickinson.5  His  studies  involved 
a  division  of  the  tars  into  five  fractions  by  a 
combination  of  distillation  and  solvent  ex- 
traction, and  molecular-weight  determination 
on  the  various  fractions.  Studies  were  also 
made  of  the  effect  of  these  various  fractions 
on  the  properties  of  dispersion  in  several 
media.  His  tests  led  to  the  following  con- 
clusions: 

On  this  evidence,  and  from  its  general 
viscosity  characteristics,  it  is  suggested 
that  tar  is  an  "associated  colloid"  in 
which  the  units  are  composed  of  a  core 
of  hydrocarbons  of  high  molecular  weight 
surrounded  by  a  solvation  layer  of  hydro- 


•  The  constitution  of  rood  tar,  by  E.  J.  Dickinson;  Journal 
of  the  Society  of  Chemical  Industry;  vol.  64;  May  1945; 
pp.  121-130. 


carbon    molecules    of    lower    molecular 
weight;  these  micelle  units  are  dispersed 
in  a  continuous  oily  medium  and  there  is 
no  abrupt  discontinuity  of  phase  between 
this  medium  and  the  nuclei  of  the  micelles. 
Dickinson  also  showed  that  certain  floccu- 
lating agents  tended  to  dissolve  the  protecting 
media  around  the  micelles  resulting   in  the 
flocculation  of  the  neuclei.     This  conception, 
although  expressed  differently,  is  fundamen- 
tally the  same  as  that  discussed  by  Oliensis. 
The  progressive  flocculation  of  the  dispersed 
phase  may  also   be  explained   on   the  same 
basis.     In  the  normal  tar  there   is  an  equi- 
librium established   between   the   continuous 
phase  and  the  dispersed  phase  which  is  be- 
lieved   to    be    dependent    on    the    interfacial 
tension  between  the  two  phases.     When  Die- 
sel oil  is  added,  the  surface  tension  of  the 
continuous    phase    is    changed,    which    also 
changes  the  interfacial  tension.     This  changes 
the    equilibrium    conditions,    resulting    in    a 
coalescence  of  some  of  the  dispersed  particles 
into  larger  groups. 
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Table  12. — Comparison  of  separation  point 
It  as  determined  by  usual  test  method  and 
from  viscosity  curves 


Type  or  grade  of  tar 

Sample 
identifi- 
cation 

Separation  point 

Usual 

test 

method 

From 

viscosity 

curve 

A  i 
B 
C> 
D 

E 
A-l 
B-l 
C-l 
D-l 
E-l 

1 

8 

10 

27.5 
22.5 
20.0 
32.5 

25.0 
27.5 
12.5 
32.5 
40.0 
35.0 
32.5 
27.5 
12.5 
7.5 

25.0 
20.0 
25.0 
32.5 

22.5 
27.5 
2  10.0 
32.5 
40.0 
32.5 
30.0 
25.0 
10.0 
7.5 

Horizontal-retort 

Heavy  water-gas.   ...  . 
Heavy    water-gas     (ex- 

RT-3 

RT-3... 

RT-3 _.- 

RT-2...             

RT-3  ..                 

RT-2  ..               

RT-2    . 

RT-2 

RT-3 

'  Residue  from  distillation  to  270°  C. 
2  Based  on  the  point  at  which  the  viscosity  begins  to 
increase  for  additional  Diesel  oil. 
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Concrete  Pavements  on  the  German  Autobahnen 


by  F.  H.  JACKSON,  Principal  Engineer  of  Tests 

and 
HAROLD  ALLEN,  Principal   Materials  Engineer 


The  inspection  upon  which  this  paper  is  based  was  prompted  by  a  desire  to  reconcile 
conflicting  reports  which  have  come  out  of  Germany  during  the  last  3  years  regarding 
the  performance  of  concrete  pavements  on  the  autobahnen  as  compared  with  the 
performance  of  similar  pavements  in  the  United  States.  The  survey  was  made  during 
the  summer  of  1947  and  covered  approximately  1,000  miles  of  four-lane  divided  pavement 
in  the  British  and  American  zones  of  occupation.  In  this  report,  the  present  condition 
of  the  German  pavements  is  discussed  from  the  standpoint  of  both  structural  perform- 
ance and  quality  of  concrete  per  se.  All  of  the  structural  defects  that  usually  develop  in 
concrete  pavements  in  the  United  States  were  found  but,  aside  from  frequently  observed 
transverse  cracking,  defects  such  as  joint  spalling  and  faulting,  settlement,  etc.,  were 
not  serious  except  in  the  Frankfurt  area.  The  comparative  freedom  of  the  German 
roads  from  structural  defects  is  believed  to  be  due  primarily  to  the  comparatively  small 
amount  of  heavy  truck  traffic;  using  these  roads,  now  and  in  the  past,  and  to  the  com- 
paratively mild  climate. 

The  soils  of  Germany  vary  from  cohesionless  sands  to  plastic  silty  clays  and  clays. 
Most  of  the  silty  clays  were  of  such  nature  as  to  require  careful  moisture  control  for 
adequate  compaction.  Such  soils  woidd  be  subject  to  frost  heave  under  adverse  drain- 
age conditions,  and  pumping  at  joints  would  occur  on  them  if  free  water  entered  expan- 
sion joints  or  cracks  and  if  a  suflicient  number  of  heavy  loads  passed  over  the  pavement. 
The  practice  of  placing  a  layer  of  granular  material  under  the  pavement  was,  no  doubt, 
a  contributing  factor  in  the  prevention  of  pumping  in  such  cases. 

The  concrete,  almost  without  exception,  was  of  excellent  quality.  Scaling  was 
confined  almost  entirely  to  the  Munchen-Salzburg  route.  Disintegration  was  prac- 
tically nonexistent.  Outstanding  was  the  absence  of  the  heavy  layer  of  surface  mortar 
frequently  found  on  pavements  in  the  United  States.  The  excellent  quality  of  the 
concrete  is  believed  due  to  (1)  the  high  qual- 
ity of  aggregates,  (2)  the  low  water— cement 
ratio,  (3)  thorough  consolidation  by  tamp- 
ing and  vibration  of  a  very  dry  mixture  with 
a  maximum  aggregate  size  of  about  1  inch, 
(4)  thorough  curing,  and  (5)  the  compara- 
tively mild  climate.  The  effect  of  the  cement 
is  not  clear — German  cements  were  defi- 
nitely inferior  as  judged  by  modern  Ameri- 
can standards,  but  whether  they  were  actu- 
ally inferior  remains  to  be  seen. 

As  a  result  of  their  observations  the 
authors  recommend  the  initiation  of  a  com- 
prehensive program  of  research  on  each  of 
the  following  subjects: 

1.  Study  of  the  possibility  of  insuring 
greater  uniformity  in  pavement  concrete  by 
reducing  the  maximum  size  of  coarse  aggre- 
gate. 

2.  Development  of  mi>re  effective  methods 
of  compacting  pavement  concrete  by  me- 
chanical means. 

3.  Study  of  the  effects  of  variations  in 
chemical  composition  of  cements  and  the 
methods  of  manufacturing  cements  on  the 
properties  of  concrete.  In  this  work  the 
authors  would  go  considerably  outside  the 
range  in  composition  and  fineness  now 
being  studied  under  the  "Long-time  stud} 
of  cement  performance  in  concrete."  \\  ork 
of  I  his  nature  should  he  carried  out  by  the 
manufacturers  and  could  be  accomplished 
by  an  extension  of  the  present  program  of 
the  long-time  study. 
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Till--  report  presents  the  results  of  an  in- 
spection of  concrete  pavements  on  the 
German  motor-road  system  made  by 
authors  during  the  summer  of  1947  under 
instructions  from  the  Commissioner  of  Public 
Roads.  The  inspection  was  made  with  the 
object  of  determining  first,  in  what  respects, 
if  any,  the  German  pavements  are  superior  to 
ours;  and  second,  what  features  of  German 
design  and  construction  practice,  if  any,  can 
be  adopted  with  profit  by  American  engineers. 
The  report  is  in  four  parts:  Part  I  is  a 
general  description  of  i1  m,  including  a 

section  on  the  soils  of  Germany,  a  section  on 
climate,  and  a  section  on  traffic;  part  II,  a 
description  of  the  methods  of  design  and  con- 
struction which  were  employed;  part  III, 
comments  on  the  present  condition  of  the 
pavements  with  respect  to  (1)  structural  de- 
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fects  and  (2)  quality  of  concrete  per  se;  and 
part  IV,  a  summary  of  these  comments, 
together  with  a  number  of  recommendations 
based  thereon. 

During  the  3  years  that  have  elapsed  since 
the  invasion  of  Germany,  the  system  of  high- 
speed motor  roads  created  by  Hitler  has  been 
the  subject  of  considerable  comment  by 
returning  members  of  our  armed  forces  as 
well  as  by  civilian  engineers.  Much  of  this 
comment  has  been  altogether  favorable,  not 
only  with  respect  to  the  lay-out  and  design 
of  the  system  as  a  whole  but  also  as  regards 
the  excellent  condition  of  the  concrete  pave- 
ments themselves.  Typical  of  this  reaction 
is  a  statement  by  M.  A.  Swayze,  Director 
of  Research  of  the  Lone  Star  Cement  Cor- 
poration, who  spent  about  3  months  in  Ger- 
many in  1945.  In  a  report  presented  at  the 
42nd  annual  meeting  of  the  American  Con- 
crete Institute,1  he  said  in  part:  "In  all  my 
experience  I  have  never  seen  concrete  high- 
ways in  better  shape  after  at  least  7  years' 
service  than  in  the  German  autobahnen  *  *  * 
Their  quality  is  a  tremendous  challenge  to 
American  engineers  to  do  likewise."  On  the 
other  hand  there  has  been  some  comment 
to  the  effect  that  these  pavements,  although 
generally  in  good  condition,  are  not  excep- 
tional when  compared  with  similar  pavements 
in  this  country  in  that  virtually  all  of  the 
defects  that  characterize  our  roads  are  present 
in  more  or  less  degree  in  the  German  pave- 
ments. A  statement  to  this  effect  was  re- 
cently made,  in  an  interview  with  the  authors, 
by  an  outstanding  German  engineer  who 
played  a  rather  important  role  in  the  construc- 
tion of  these  roads,  and  since  that  time  has 
had  an  opportunity  to  observe  conditions 
in  the  United  States  and  other  countries. 

At  the  outset,  the  authors  wish  to  thank 
Dr.  W.  H.  Glanville,  Director  of  the  Road 
Research  Laboratory  of  Great  Britain,  and  his 
associate,  Mr.  F.  N.  Sparkes,  for  their  kindness 
in  making  all  of  the  necessary  arrangements 
for  this  inspection,  including  the  furnishing 
of  automobile  transportation  for  the  entire 
trip.  In  addition,  they  wish  to  express  to 
Dr.  Glanville  their  appreciation  for  his  kind- 
ness in  detailing  two  of  his  staff  to  accompany 
them.  One  of  these,  Dr.  A.  R.  Collins  of  the 
Concrete  Section,  traveled  with  the  party 
during  the  period  July  14-August  2,  and  the 
other,  Mr.  H.  W.  W.  Pollitt  of  the  Soils  Section, 
during  the  period  August  2-11.  Both  of  these 
men  were  extremely  cooperative  and  their 
assistance  is  greatly  appreciated. 

The  authors  also  wish  to  acknowledge  the 
assistance  of  Mr.  F.  R.  McMillan,  of  the 
Portland  Cement  Association,  who  arranged 
for  the  translation  of  the  official  instructions 
for  the  construction  of  concrete  pavements, 
and  Mr.  A.  P.  Anderson,  formerly  with  the 
Public  Roads  Administration,  who  translated 
a  number  of  technical  reports  covering  various 
phases  of  the  work. 


1  Observations  of  war  damage  to  concrete  and  to  cement  in- 
dustry properties  in  Germany,  by  M.  A.  Swayze;  Journal  of 
the  American  Concrete  Institute,  vol.  18,  No.  6,  February 
1947. 


Of  the  4,000  miles  of  four-lane  divided 
highway  planned  by  Hitler,  about  2,500  miles 
had  been  completed  at  the  outbreak  of  World 
War  II,  as  shown  on  the  outline  map  of  Ger- 
many in  figure  1.  On  this  map  the  1,000 
miles  of  roads  traveled  at  least  once  by  the 
inspecting  team  are  shown  as  heavy  solid  lines. 
Many  of  the  completed  roads  are  in  the 
Russian  Zone  and  were  inaccessible — in  fact, 
with  the  exception  of  a  very  short  stretch  in 
the  French  Zone  between  Koln  and  Frank- 
furt, all  of  the  roads  inspected  by  the  team  lie 
within  the  British  and  American  Zones.  In 
addition,  the  party  traveled  over  the  75  miles 
in  the  Russian  Zone  from  Helmstedt  to  the 
Berlin  ring  road,  but  the  cars  were  not  allowed 
to  stop  along  this  route. 

The  inspection  party  arrived  at  Bad  Oeyn- 
hausen,  headquarters  for  the  British  Zone,  on 
July  15  and  left  Frankfurt  at  the  conclusion  of 
the  inspection  on  August  11.  Of  the  28  days 
spent  in  Germany,  10  were  taken  up  in  ob- 
taining the  necessary  clearances,  in  making 
other  arrangements,  and  in  interviews,  leaving 
18  days  for  the  actual  road  inspections. 
During  this  18-day  period,  the  entire  1,000 
miles  of  motor  road  shown  by  the  heavy  solid 
lines  in  figure  1  were  covered  at  least  once; 
many  sections  twice;  and  several  sections, 
three  or  more  times.  Driving  speeds  averaged 
30  to  35  miles  per  hour,  with  frequent  stops  to 
check  soil  conditions,  quality  of  concrete, 
structural  failures,  and  the  like.  Stops  were 
for  periods  ranging  from  a  few  minutes  to  an 
hour  and  were,  in  general,  made  whenever  in- 
dications pointed  to  a  marked  change  in  soil 
conditions  or  in  the  condition  of  the  pavement 
itself.  The  character  of  the  soil  profile  was 
checked  at  many  points  by  means  of  test  holes 
and  outcroppings.  Numerous  photographs 
were  taken,  of  which  a  few  are  reproduced  in 
this  report.  Efforts  were  also  made  to  obtain 
small  samples  of  the  concrete.  However,  the 
facilities  for  obtaining  samples  were  not  good 
and  about  the  best  that  could  be  done  was  to 
obtain  a  number  of  small  chips  which  were 
mainly  of  value  in  revealing  the  types  of  ag- 
gregate used  in  the  concrete  and  in  giving  some 
idea  of  the  quality  of  the  matrix  in  each  case.2 

PART    I.— GENERAL    DESCRIPTION    OF 
SYSTEM 

The  German  motor-road  system,  as  original- 
ly planned,  apparently  contemplated  the 
construction  of  approximately  4,000  miles  of 
four-lane  divided  highway  connecting  all  of 
the  larger  cities  of  the  Reich.  Of  this  total, 
only  about  2,500  miles  have  been  completed. 
A  glance  at  figure  1  will  show  many  gaps  in 
the  system. 

In  general,  the  motor  roads  were  located  to 
pass  close  to  but  not  actually  through  the 
large  cities,  access  being  provided  in  all  cases. 
No  crossings  at  grade  were  permitted,  a  clover- 
leaf  or  similar  type  of  interchange  being  used 
at    all    major    intersections.     All    secondary 

2  Arrangements  have  been  made  with  the  British  Road 
Research  Laboratory  to  have  concrete  core  samples  taken 
from  a  number  of  selected  sections  on  the  motor-road  system. 
Samples  of  the  subgrade  below  each  core  will  also  be  obtained. 


roads  were  carried  either  over  or  under  the 
main  highway  without  provision  for  access. 
There  are  numerous  bridges  for  this  purpose 
on  the  system. 

It  is  not  proposed  in  this  report  to  describe 
in  detail  the  methods  used  by  the  Germans  in 
locating  the  motor  roads  or  the  standards  of 
grade  and  alinement  that  were  followed. 
These  features  have  been  discussed  quite 
adequately  in  reports  of  previous  inspections 
made  by  British  teams.3  It  will  be  of  in- 
terest, however,  to  call  attention  very  briefly 
to  some  of  the  principal  standards. 

The  German  motor-road  system  was  de- 
signed for  speeds  up  to  1 00  miles  per  hour  in 
flat  country  and  up  to  80  miles  per  hour  in 
mountainous  regions.  Grades  varied  from  a 
maximum  of  4  percent  in  rolling  country  to 
6  percent  in  hilly  sections  and  8  percent  in  the 
mountains.  Minimum  sight  distances  ranged 
from  500  to  900  feet,  and  the  minimum  radii 
of  horizontal  curves  from  2,000  to  6,000  feet, 
depending  upon  the  terrain.4  The  Germans 
apparently  gave  a  great  deal  of  thought  to 
esthetic  consideration,  both  as  regards  the 
original  location  and  the  landscaping  of  these 
roads.  In  general,  the  motor  roads  were 
located  so  as  to  take  full  advantage  of  scenic 
possibilities.  Cut  and  fill  slopes  were  rounded 
and  were  blended  in  with  the  natural  terrain 
so  as  to  give  a  very  pleasing  appearance. 
This,  together  with  adequate  roadside  plant- 
ing, gave  an  appearance  of  age  and  perma- 
nence which  is  quite  surprising  when  one 
realizes  that  the  average  age  is  only  about  10 
years.    Typical  views  are  shown  in  figure  2. 

Construction  of  the  motor  roads  was  begun 
in  1934  and  extended  through  1940.  By  far 
the  greatest  mileage,  however,  at  least  so  far 
as  the  roads  in  western  Germany  are  con- 
cerned, was  built  during  the  3-year  period 
1936-38.  This  applies  also  to  the  1,000  or  so 
miles  of  pavement  inspected  by  the  authors. 
According  to  data  furnished  by  the  British 
Road  Research  Laboratory,5  the  approximate 
mileages  by  year  of  construction  for  this 
portion  of  the  system  are  as  follows: 

Year  built:  Miles 

1935 70 

1936 270 

1937 240 

1938 325 

1939 0 

1940 100 

Total 1,005 


3  Report  of  an  inspection  of  the  German  road  system,  194'i, 
B.  I.  O.  S.  final  report  No.  918,  by  H.  S.  Keep,  A.  H.  D. 
Markwick,  and  A.  R.  Collins,  for  the  British  Intelligence 
Objectives  Subcommittee.  H.  M.  Stationery  Office,  Lon- 
don, May  1946. 

*  The  indicated  sight  distances,  nonpassing  minimums  on 
divided  highways,  are  low  as  compared  with  American 
standards.  The  A.  A.  S.  H.  O.  standard  uses  sight  distances 
of  475  and  600  feet  for  design  speeds  of  60  and  70  miles  per  hour, 
respectively.  While  not  included  in  the  standards,  corres- 
ponding values  for  design  speeds  of  80  and  90  miles  per  hour 
would  be  775  and  1,000  feet,  respectively. 

5  According  to  other  records,  a  short  section  of  road  between 
Frankfurt  and  Darmstadt,  included  here  as  1935  construc- 
tion, was  actually  built  in  1934. 
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Figure  2. — Typical  views  of  the  autobahnen:  (A— C)  Miinchen-Salsburg;  (D-F)  Hannover-Ruhr;  (G,  II)  Frankfurt-Stuttgart;  (I )  Stuttgart- 

Miinchen. 


Soils 

The  inspection  in  a  limited  time  of  an  ex- 
tended mileage  of  highways  for  the  purpose  of 
comparing  pavement  performance  with  sub- 
grade  characteristics  requires  a  regional  under- 
standing of  soil  conditions,  especially  if  the 
terrain  consists  of  a  complex  arrangement  of 
geological  parent  materials  with  a  wide  range 
in  relief  or  climate  such  as  exists  in  western 
Germany.  In  the  United  States,  engineering 
soil  maps  prepared  from  air  photographs, 
geologic  maps,  or  agronomic  maps  have  been 
useful  in  developing  such  a  regional  under- 
standing. Therefore,  prior  to  leaving  the 
United  States,  reconnaissance  engineering  soil 
maps  similar  to  those  shown  in  figure  3  '  were 
made  for  the  terrain  in  the  vicinity  of  the  auto- 
bahnen, These  strip  maps  were  prepared 
from  geologic,  physiographic,  and  soil  informa- 
tion found  in  available  technical  publications. 
They  show  the  major  physiographic  regions 
and  the  general  characteristics  of  the  soils  in 
the  areas  traversed  by  the  autobahnen.  Fac- 
tual data  on  soils  were  limited  so  that  the  -nil 
information  was  largely  interpreted  from  data 


*  Theso  soil  maps  were  prepared  by  F.  R.  Olmstead,  Senior 
Soil  Specialist  of  the  Public  Roads  Administration. 


showing  the  distribution  of  geologic  parent 
materials,  the  relief,  and  the  climate  of 
Germany. 

The  predicted  soil  information  on  the  strip 
maps  was  used  during  the  inspect  inn  for  the 
general  location  of  significant  soil  changes  and 
was  useful  in  evaluating  the  regional  engii 
ing  soil  problems  that  probably  were  consid- 
ered in  locating,  designing,  and  building  the 
autobahnen.  Observations  made  at  frequent 
intervals  during  the  inspection  indicated  thai 
the  information  shown  in  the  strip  maps  was 
satisfactory  for  the  appraisal  of  soil  conditions 
in  the  area  traversed  by  the  autobahnen. 
During  the  field  inspection,  the  boundaries  of 
the  significant  soil  areas  shown  on  the  strip 
maps  were  found  to  be  quite  accurati 
were  checked  as  frequently  as  possible'  by 
examining   soil    profiles    exposed    in    cuts,    in 

cavations    near    the    road,    or    by    dinging 
shallow  pits. 

The  inspection  revealed   that    with   tl 
ception   of  a  section    in    which    warping    was 
observed  there  was  very  little  relation  betv 
i  lie  i  \  pe  of  ,-,,ii  and  I  lie  pa\  en  ,i  i  condition. 
Defects  sin  i.  i    faulting,  cracking,  and  spalling 
were  found  <|iially  in  areas  where  either 

cohesive  or  cohesionless  soils  predominated. 
This  condition  is  probablj  the  resull  of  placing 


a  layer  of  granular  material  over  all  cob' 
soils.     The  primary  purpose  of  the  use  of  such 
a  layer  was  to  avoid  damage  to  the  pavement 
resulting   from   frost  action   on   the  subgrade 
soil. 

The  soils  of  Germany  vary  from  cohesion- 
less    sands    to    plastic    silty    clays    and    c 
Northern  Germany  is  in  a  glaciated  area  and 
the  soils  arc  light  silty  clays,  sands,  and  sand- 
gravels.      Around    Berlin   and    Hamburg,   and 
.i-  fai   west    i     Bad  Oeynhausen,  granular  ma- 
ils are  plentiful  and  were  generously  used 
in  the  autobahnen.       From   Had  Oeynhausen 
west   to  Duisburg,  sands  and  slightly  heavier 
silty    clays    arc    about    equally    distribul 
Along    the    Rhine    Valley    from    Duisburg    to 
Frankfurt  are  heavier  clay  soils  derived  from 
the  metamorphic  rocks  which  predominate  in 
the  uplands  south  of  Koln.      In   several    loca- 
tions in  this  area  granular  material  could  not 
be  found  by  dinning  at   the  ct\xv±  of  the  pa 
ment,    indicating    that     scarcity    ma 
limited  its  use  for  bast  This  region 

omewhal     rugged    and    wooded.     From 
th  to  Karlsruhe  the  road  follows 
the   Rhine  River  Valley  and  Crosses  the 
plains  of  several  major  streams.     In  this 
sands    and    sand-gravels    predominate.     The 
soils  in   the  area  from   Karlsruhe  to   Augsburg 
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are  derived  from  sedimentary  rocks  and,  ex- 
cept for  the  mileage  through  the  gravel  ter- 
races of  river  beds,  are  plastic  silty  clays, 
often  mixed  with  rock  fragments. 

From  Munchcn  to  Salzburg  the  road  passes 
through  a  glaciated  region  and  a  considerable 
mileage  passes  over  an  old  lake  bed  bordering 
on  the  Chiem  See  (lake).  The  soils  are 
poorly  drained  plastic  silty  clays.  Between 
the  Chiem  See  and  Salzburg  the  road  is  lo- 
cated along  the  foothills  of  the  Bavarian  Alps 
and  passes  over  terminal  morainic  areas. 
The  drainage  is  poorly  established  and,  in 
general,  the  subgrade  conditions  are  poor. 

Most  of  the  silty  clays  examined  on  the 
system  would  require  careful  moisture  con- 
trol for  adequate  compaction  and  would  be 
subject  to  frost  heave  under  adverse  drainage 
conditions.  Pumping  at  joints  in  concrete 
pavements  would  occur  on  these  soils  if  free 
water  entered  expansion  joints  or  cracks  and 
if  a  sufficient  number  of  heavy  loads  passed 
over  the  pavement. 

The  Berlin- Magdeburg  section  of  the  au- 
tobahnen is  located  through  the  area  once 
covered  by  a  continental  ice  sheet.  The 
glacial  till  and  outwash  areas  have  been  modi- 
fied by  subsequent  erosion  to  produce  a 
variety  of  glacial  land  forms  having  different 
soil  textures  and  drainage  conditions.  Most 
of  the  soils  in  the  region  are  granular.  The 
area  has  been  separated  into  three  physio- 
graphic regions — the  Berlin  Plain,  the  Flam- 
ing Plain,  and  the  Elbe  River  Valley. 

The  Berlin  Plain  is  a  flat  to  undulating  low- 
land with  many  canals  and  swamps  having 
intervening  sandy  areas  derived  from  glacial 
outwashes,  terraces,  or  sand  dunes.  The 
Flaming  Plain  is  gently  rolling,  with  broad  low 
ridges  separated  by  wide  fiat  valleys.  Many 
of  the  valleys  are  poorly  drained  wet  meadows, 
in  which  the  accumulation  of  peat  bogs  is 
frequent.  In  the  Elbe  Valley  the  soils  are 
better  drained  than  in  the  Flaming  Plain,  and 
along  the  east  edge  of  the  river  there  are  many 
sand  dunes. 

All  of  the  soil  profiles  observed  in  road  cuts 
and  excavations  in  the  Berlin- Magdeburg 
section  seemed  to  indicate  that  the  soils  were 
generally  sands.  In  some  locations  the  sands 
appeared  to  be  covered  with  a  silty  clay  surface 
soil.  Since  this  area  is  in  the;  Russian  Zone, 
where  stopping  was  not  permitted,  inspections 
were  made  from  an  automobile  traveling  at 
approximately  30  miles  per  hour. 

The  section  from  Magdeburg  to  Hannover 
lies  in  the  Leine-Saale  Lowlands.  The  ter- 
rain is  flat  to  rolling,  with  altitudes  ranging 
from  100  to  200  feet.  In  general,  the  soils  arc 
closely  related  to  the  glacial  land  forms.  The 
granular  soils  in  the  region  are  associated  with 
outwash  plains  and  terraces  and  the  clay 
soils  with  the  morainic  areas.  During  the 
glacial  period,  the  Leine  and  Elbe  Rivers 
deposited  vast  amounts  of  alluvium  in  rather 
wide  flood  plains.  These  were  subsequently 
dissected  by  erosion  to  form  the  present 
terrain.  The  better-drained  granular  soils 
occur  on  terraces,  and  the  poorly  drained  soils 
on  the  more  recent  flood  plains.  The  poorly 
drained  soils  appear  to  be  sandy,  but  drainage 
is  retarded  by  the  development  of  an  iron- 


oxide  hardpan.  Peat  bogs  and  swamps  are 
quite  frequent  in  areas  underlain  by  this 
hardpan  formation.  In  some  areas  the  loamy 
surface  soils  are  probably  derived  from  wind- 
blown silts  of  glacial  origin. 

An  examination  of  an  embankment  under 
repair  between  Helmstedt  and  Braunschweig 
disclosed  that  the  fill  was  composed  of  a  sand- 
clay-gravel  mixture  of  good  quality,  with  a 
layer  of  very  fine  white  sand  immediately 
under  the  pavement. 

Observations  made  between  Braunschweig 
and  Hannover  indicated  that  the  soils  were 
predominately  sands  and  sandy  gravels.  East 
of  Braunschweig  the  surface  soil  was  silt  to 
silty  loam  with  indications  of  underlying  sand 
and  gravel. 

Geologic  and  soil  information  of  the  area 
around  Hamburg  were  not  available  to  the 
authors  and  a  preliminary  soil  map  could  not 
be  prepared.  The  autobahn  from  Hamburg  to 
Hannover  has  not  been  built,  and  time  would 
not  permit  inspection  of  the  entire  road  from 
Hamburg  to  Bremen.  However,  an  examina- 
tion was  made  of  the  section  from  Hamburg  to 
the  Hamburg-Hannover-Bremen  junction  and 
of  approximately  10  miles  on  the  Bremen  road. 
Examination  was  also  made  of  the  Hamburg- 
Liibeck  section. 

South  of  Hamburg  the  subgrade  under  a 
section  of  pavement  which  had  been  broken  by 
a  bomb  was  examined.  The  soil  under  the 
pavement  was  a  fine  sand  containing  a  very 
small  amount  of  binder.  The  section  was  on 
a  fill  approximately  30  feet  in  height,  and  the 
entire  embankment  was  composed  of  granular 
material. 

At  another  location  in  this  area,  an  examina- 
tion of  the  soil  profile  in  a  shallow  excavation 
showed  6  inches  of  fine  silt  on  the  surface 
underlain  by  fine  sand.  There  was  evidence 
that  the  sand  was  coarser  at  greater  depths. 

In  the  fields  at  one  location  peat  was  being 
dug  for  fuel.  On  the  south  part  of  the  section 
from  Hamburg  to  Liibeck,  the  soil,  exposed  in 
shallow  excavations  adjacent  to  the  road,  was 
very  sandy.  On  the  north  end  of  this  section 
the  soils  were  silty  clays  underlain  by  sands. 

Discussion  of  the  construction  of  the  auto- 
bahnen with  German  engineers  indicated  that 
the  peat-bog  areas  were  carefully  avoided  in 
locating  the  entire  system.  A  few  short  sec- 
tions are  located  over  such  areas,  and  the  em- 
bankments over  these  locations  were  buill  by 
superimposing  the  fill  material  and  displacing 
the  muck  soil  with  dynamite  charges. 

The  section  from  Hannover  to  Wiedenbriick 
passes  through  the  Osnabriick-Wescr  Low- 
lands and  a  portion  of  the  Ems  River  Valley. 
This  area  is  underlain  by  beds  of  limestones, 
greensands,  marls,  and  clays.  The  more  re- 
sistant limestones  and  greensands  occur  in 
low-lying  ridges,  and  the  softer  D 
clays  are  found  in  the  valleys  of  the  Weser  and 
Wene  Rivers.  The  Ems  River  Valley  is 
underlain  by  these  softer  rocks  but  during  the 
glacial  period,  when  the  Ems  served  as  one  of 
the  glacial  drainage  outlets,  the  valley  floor 
was  covered  with  a  thick  layer  of  alluvium. 
The  soils  occurring  in  this  area,  with  th 
ception  of  those  found  in  the  valley  of  the 
Ems,    are    mostly    clays    derived    from    the 


weathering  of  the  underlying  calcareous  rocks. 
The  granular  soils  found  between  the  Ems 
River  and  the  east  valley  wall  occur  on  an  old 
glacial  terrace.  In  more  protected  areas, 
there  may  be  soils  derived  from  remnants  of 
the  old  glacial  drift  or  deposits  of  wind-blown 
silt. 

The  soil  profiles  exposed  in  the  fields  at  most 
of  the  points  examined  between  Bad  Oeyn- 
hausen  and  Hannover,  and  to  approximately 
25  miles  west  of  Bad  Oeynhausen,  consisted 
of  a  gray,  silty-clay  surface  soil  (6  to  12  inches) 
over  a  more  plastic,  yellowish  silty-clay  sub- 
soil. 

The  practice  of  hauling  granular  materials 
relatively  long  distances  for  use  in  fill  con- 
struction is  illustrated  by  an  observation  made 
at  a  location  about  1  mile  east  of  the  Bad 
Oeynhausen  interchange.  The  embankment 
at  this  point  was  approximately  12  feet  high 
and  was  composed  of  cohesionless  sand  which, 
it  was  estimated  by  visual  inspection,  would 
pass  a  No.  10  sieve  and  be  retained  on  a  Xo. 
100.  The  sand  was  covered  with  10  inches 
of  friable  silt  surface  soil  and  a  very  hi 
tough  sod.  The  slope  of  the  fill  was  approxi- 
mately 1J4:1-  A  local  resident  informed  the 
part}'  that  the  sand  for  the  fill  was  brought 
from  a  pit  about  4  miles  from  the  road. 

Approximately  30  miles  east  of  Bad  0> 
hausen,  where  the  soil  profile  was  exposed  in 
a  limestone  quarry,  the  surface  soil  consisted 
of  a  silty  clay  and  the  underlying  layer  was  a 
plastic  clay. 

At  a  location  1.5  miles  west  of  the  Bad 
Oeynhausen  intersection,  an  examination  was 
made  where  the  road  passes  through  a  sidehill 
cut.  In  a  pit  dug  in  the  median  strip,  top 
soii  was  found  to  a  depth  of  10  inches — 
slightly  below  the  bottom  of  the  pavement. 
Below  this  depth  was  a  mixture  of  sand  and 
stone  particles  for  a  depth  that  could  not  be 
determined  due  to  hardness  of  the  ground. 
An  18-inch  pit  dug  in  the  embankment  con- 
tained silty-clay  soil.  There  was  no  evidence 
that  the  granular  material  extended  the  full 
width  of  the  grade.     At  anoth.  a  in 

cut  section,  3  inches  of  cinders  were  found 
below  the  bottom  of  the  pavement  over  a 
silty-clay  soil  mixed  with  rock  particles. 

1  vidence  of  substantial  sand  layers  under 
the  pavement  and  for  the  full  width  of  the 
roadway  was  found  at  most  of  the  locations 
examined  in  this  section. 

Observations    made    in    the    Bouthwest    15 
miles  of  the  Hannover- Wiedenbruck   section 
disclose  the  predominance  of  sandy  top 
underlain  by  cohesionless  sand. 

In  the  section  from  Wiedenbriick  to  Dort- 
mund the  soils  are  clays  and  silty  clays  derived 
from  the  underlying  calcareous  sedimentary 
rocks  of  the  low  plateau  of  northern  derm 

ept  in  places  where  the  sedimentary  rocks 
have  been  exposed  by  the  erosion  of  the 
lying  glacial  drift,  the  soils  in  the  section  from 
Dortmund  to.  Duisburg  are  granular. 

Between  Duisburg  and  Koln,  granular 
fine-grained  soils  occur  in  alternate 
of  approximately  ailea  length, 

granular  material!  Rhine 

Plain   and   the  silty-clay   to   clay   BO 
the  road  croi  Sauerland.     '1 
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land  is  a  rolling  sandstone  and  shale  plateau 
sloping  westward  and  cut  by  many  narrow, 
steep  valleys.  The  soils  derived  from  these 
sedimentary  rocks  usually  are  silt  y  clays  and 
clays,  and  are  likely  to  be  shallow  in  depth. 

At  a  location  approximately  3  miles  west 
of  Kamen,  the  soils  found  in  an  embankment 
slope,  at  the  toe  of  the  slope  of  the  embank- 
ment, and  in  the  shoulder  near  the  pavement 
edge  to  a  depth  of  18  inches,  were  gray,  friable, 
silty  clays  and  yellow,  silty  clays.  No  evi- 
dence of  a  granular  layer  under  the  pavement 
was  found  by  digging  shallow  pits  in  the  shoul- 
der at  this  location.  It  is  possible  that  the 
granular  material  was  not  placed  for  the  full 
width  of  the  paved  shoulder  strip. 

At  another  location,  approximately  10 
miles  south  of  the  Ruhr  River,  a  6-inch  layer 
of  crushed  shalelike  rock  (maximum  size  XA 
inch)  was  found  beneath  the  pavement  slab. 
The  subgrade  soil  was  a  yellowish,  mottled, 
plastic  clay.  The  clay  had  intruded  into  the 
stone  subbase  and  the  pavement  at  this  loca- 
tion was  rough  and  the  joints  had  the  appear- 
ance of  being  warped. 

In  some  other  locations  examined,  evidence 
of  the  use  of  granular  material  over  plastic 
clays  could  not  be  found  by  digging  near  the 
edge  of  the  paved  shoulder  strip. 

The  section  from  Koln  to  a  point  west  of 
Frankfurt,  on  the  River  Main,  passes  through 
the  lower  Rhine  Plain  and  the  Westerwald. 
The  Westerwald  is  a  folded,  contorted  mass 
of  schist,  quartzite,  and  other  Devonian  rocks. 
The  soils  derived  from  these  rocks  are  clays 
and  sandy  clays.  The  soils  in  the  20  miles 
immediately  south  of  Koln  or  to  the  boundary 
of  the  Westerwald  were  found  to  be  granular. 
The  soils  in  the  remaining  mileage  of  this  sec- 
tion were  silty  clays  or  clays.  No  extremely 
plastic  soils  were  found  in  this  section. 

From  Frankfurt  to  Karlsruhe  the  road  fol- 
lows the  terraces  of  the  Rhine  Rift  Valley. 
The  soils  in  this  valley  are  usually  granular 
but  may  be  covered  with  a  shallow  layer  of 
silty-clay  soil.  From  the  Enz  River  (near 
Karlsruhe)  to  Stuttgart  is  an  area  of  calcare- 
ous soft  rocks  or  marls.  The  soils  in  this  area 
are  clays  or  clays  mixed  with  stone  fragments. 

Observations  made  between  Frankfurt  and 
Heidelberg  indicated  5-  to  10-mile  sections  of 
cohesionless  sand  covered  with  sandy  surface 
soil,    interspersed   with   sections   of   clay   and 


silty  clay  similar  in  length.  In  the  areas 
where  the  clay  soil  predominated,  the  fills  were 
built  of  cohesionless  sand. 

From  Karlsruhe  to  Stuttgart,  silty-clay 
and  clay  soils  predominate.  In  some  loca- 
tions the  clay  soils  seemed  to  be  quite  plastic. 
Granular  material  could  not  be  uncovered  by 
the  digging  of  shallow  pits  in  the  embank- 
ment slopes  in  this  area.  Pits  dug  at  the  edge 
of  the  pavement  in  the  median  strips  disclosed 
a  layer  of  either  fine  sand  or  sand-gravel 
under  the  pavement  for  a  minimum  depth 
of  12  inches. 

From  Stuttgart  to  Munchen  the  road 
traverses  the  Swabian  Upland,  the  Donau- 
Lech  Valley  and  the  Alpine  Foreland.  The 
Swabian  Upland  is  flat  to  gently  rolling  and 
is  dissected  by  streams  with  steep  valley 
walls.  The  parent  material  in  this  area  is 
limestone  and  the  soils  are  chiefly  clays. 
The  Donau-Lech  Valley  and  the  lower 
Alpine  Foreland  are  glaciated  areas.  The 
soils  vary  from  fine-grained,  poorly  drained 
alluvium  and  clay  soils  to  sands  and  sand- 
gravels.  There  are  terraces  of  granular 
material  along  the  Lech  River.  Loess  soils 
cover  the  glacial  terrain  in  sheltered  locations. 

Between  Munchen  and  Salzburg  the  road 
traverses  the  Munchen  Plain  and  the  Upper 
Alpine  Foreland.  The  Munchen  Plain  is  a 
granular  outwash  developed  from  water 
sorting  of  granular  material  contained  in  the 
terminal  moraines  that  flank  the  Bavarian 
Alps  to  the  south  of  the  area.  The  Upper 
Alpine  Foreland  is  a  glaciated  area  made  up 
of  terminal  moraines,  drumlins,  and  an  old 
lake  bed.  The  soils  in  this  section  are  fine 
sands,  silts,  and  silty  clays  mixed  with  gravel 
and  stone.  Between  the  Chiem  See  and 
Salzburg  the  road  passes  along  the  foot  of 
the  Bavarian  Alps,  cutting  through  limestone 
outcrops  and  passing  over  terminal  moraines. 

The  soils  in  this  area  are  clays  or  alluvial 
silts  and  the  land  is  swampy  in  many  places. 
The  drainage  is  poor  and  there  are  evidences  of 
distress  in  the  pavement  at  some  locations. 
The  view  of  the  Alps  from  this  section  of  road 
is  good  and  it  is  probable  that,  in  choosing  the 
location,  the  scenic  value  outweighed  the  poor 
soil  and  drainage  conditions.  A  location  fur- 
ther north  would  have  passed  through  more 
suitable  terrain. 

The  autobahn   from   Kassel   to   Frankfurt 
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-Comparison  of  climatological  data  for  Germany  and  midicestern 
United  States 


City 

Temperature 

Annual 
average 
rainfall 

Average 

Variation  ' 

January 

July 

Maximum 

Minimum 

Range 

Germany: 

Berlin __  .. 

"F. 
30 

32 
32 
28 
30.5 

28 
31 
32 
38 
36 
23 
31.3 

"F. 

64 
63 
66 
64 
64.2 

75 
75 
74 
77 
78 
71 
75 

o  p 

99 

92 
100 

97 
97 

107 
106 
103 
108 
111 
102 
106.2 

°  F. 
-15 

-6 

-7 
-14 
-10.  5 

-22 
-20 
-20 
-17 
-17 
-26 
-20.3 

o  p 

114 
98 
107 
111 
107.5 

129 
126 
123 
125 
128 
128 
126.5 

Inches 
23 
29 
24 
36 
28 

38 
34 
35 
46 
43 
31 
37.8 

Hamburg _  _     . 

Frankfurt .  . 

Munchen 

Average... 

United  States: 

Indianapolis,  Ind 

Columbus,  Ohio 

Pittsburgh,  Pa... 

Charleston,  W.  Va.... 

Frankfort,  Ky.._  

Lansing,  Mich 

Average 

1  Over  a  period  of  35  to  75  years. 
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passes  through  the  Hesse  Uplands,  the  West 
Hesse  Hills,  the  Wetterau  Corridor,  the  Wes- 
terwald, and  the  lower  plain  of  the  Main 
River.  The  Bunter  sandstone  and  tertiary 
clays  and  silts  outcrop  in  the  area  around 
Kassel.  The  road  is  flanked  on  the  west  by 
the  West  Hesse  Hills  and  on  the  east  by  the 
Hesse  Uplands,  which  are  complex  geologi- 
cally since  they  were  formed  by  the  erosion  of 
faulted  and  folded  sandstones  and  limestones 
and  the  subsequent  deposition  of  loess.  The 
road  enters  the  Wetterau  Corridor  at  a  point 
west  of  a  basaltic  mass  called  the  Vogelsberg 
Mountains  which  rise  to  2,500  feet  and  which 
have  been  dissected  by  radial  stream  gorges  to 
depths  of  moFe  than  600  feet.  Many  of  the 
stream  valleys  are  filled  with  peat.  The  rug- 
gedness  of  the  terrain  necessitated  the  con- 
struction of  many  high  embankments  which 
observations  indicated  were  built  of  cohesion- 
less sand. 

The  soils  in  the  Wetterau  Corridor  are  heavy 
clays  derived  from  the  weathering  of  basalt. 
The  soils  in  the  Westerwald  and  the  Main 
River  Plain  are  tertiary  clays  and  wind-blown 
loess.  The  clays  were  derived  from  the 
weathering  of  the  shales  and  schists  of  the 
Westerwald.  The  loess  has  weathered  to  a 
more  plastic  silty  clay  in  some  areas. 

Climate 

Western  Germany  has  a  milder  climate  than 
would  be  expected  from  its  latitude  because 
it  is  exposed  to  mild  westerly  winds.  There  is 
little  difference  between  the  north  and  south 
sections  since  in  the  latter  the  higher  eleva- 
tions counterbalance  the  southern  location. 
The  mean  annual  temperature  of  Hamburg  is 
48°  F.,  of  Leipzig,  47°  F.,  and  of  Munchen, 
45°  F.  The  average  annual  rainfall  varies 
from  16  inches  in  the  plains  to  47  inches  on  the 
southeast  uplands.  July  is  normally  the 
rainiest  month  and  January  or  February,  the 
driest.  The  snowfall  occurs  during  the 
months  of  January,  February,  and  March, . 
and  in  that  period  snowfall  occurs  about  30 
days  in  the  northern  lowlands  and  30  to  50 
days  in  the  southeastern  highlands. 

It  would  be  difficult  to  select  an  area  in  the 
United  States  having  an  extensive  mileage  of 
concrete  pavement  in  which  the  soil  and 
climatic  conditions  are  exactly  the  same  as 
those  found  in  Germany.  The  area  including 
southern  Michigan,  Ohio,  Indiana,  Kentucky, 
western  Pennsylvania,  and  West  Virginia  has 
similar  geologic  formations,  soil  conditions, 
and  a  fairly  comparable  climate.  The  temper- 
ature and  rainfall  data  for  six  cities  in  the 
selected  area  of  the  United  States  and  for  four 
cities  in  Germany,  as  supplied  by  the  United 
States  Weather  Bureau,  are  shown  in  table  1. 
A  comparison  of  these  data  shows  that  the 
average  temperatures  for  January  are  approx- 
imately the  same  in  both  areas,  that  the 
average  July  temperatures  in  the  United 
States  cities  are  approximately  10  degrees 
higher,  and  that  the  range  from  maximum  to 
minimum  is  greater  in  the  United  States. 
The  rainfall  in  Indianapolis,  Columbus,  or 
Pittsburgh  is  comparable  to  that  of  Munchen, 
but  for  the  rest  of  Germany  it  is  lower  than 
that  of  the  middlewestern  area  of  the  United 
States. 
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Data  as  to  the  penetration  of  frost  in  Ger- 
many were  not  available  from  the  weather 
records.  It  was  learned  from  a  German  engi- 
neer, now  working  in  England,  that  the  frost 
penetration  varied  from  a  few  to  70  or  80 
inches. 

Traffic 

The  traffic  on  the  autobahnen  observed  dur- 
ing the  inspection  was  very  light  both  as  to  the 
number  of  vehicles  and  the  probable  axle  loads. 
For  example,  in  traveling  during  the  middle  of 
a  Sunday  forenoon  from  Helmstedt  to  the 
outer  Berlin  circle,  a  distance  of  70  miles,  no 
vehicles  were  seen  in  a  period-  of  45  minutes. 
Six  light  trucks  were  counted  in  the  70  miles. 
In  many  places  in  this  area  and  other  sections 
of  the  autobahnen,  the  pavement  had  not  been 
discolored  by  the  oil  streak  parallel  to  the 
center  line  which  usually  results  from  the  pas- 
sage of  a  large  number  of  heavy  motor  vehicles. 
The  appearance  of  the  pavement  indicated 
that  the  greatest  volume  of  traffic  on  the  sys- 
tem was  from  Frankfurt  to  Kassel,  south  of 
Frankfurt  toward  Heidelberg,  and  from 
Frankfurt  to  Hannover  via  the  Ruhr  Valley. 
Due  to  the  very  light  traffic  on  the  system,  now 
and  in  the  past,  it  is  difficult  to  make  any  com- 
parison of  the  pavements  with  those  in  the 
United  States  laid  under  similar  climatic  con- 
ditions and  on  similar  soils.  It  is  likely  that 
the  volume  of  traffic  on  most  of  the  primary 
roads  in  the  United  States  is  considerably 
greater  than  was  observed  at  any  location  ou 
the  autobahnen. 

PART  II.— DKSIGN  AND  CONSTRUCTION 

Karthwork  and  Suhgrade 

In  the  location  and  planning  of  the  auto- 
bahnen, detailed  surveys  were  made  to  evalu- 
ate soil  and  drainage  conditions.  Whenever 
possible,  bad  subsoils  were  bypassed.  Where 
such  areas  could  not  be  avoided,  detailed 
investigation  was  carried  out  to  determine  the 
magnitude  of  the  settlement  of  soft  undersoils 
due  to  loading,  the  time  required  for  such 
settlements  to  occur,  and  the  most  economical 
height  and  slope  of  embankments.  When  it 
was  necessary  to  place  high  embankments 
over  yielding  subsoils,  the  completion  of  the 
earthwork  was  planned  so  as  to  permit  the 
major  portion  of  the  settlement  to  take  place 
before  the  concrete  slab  was  placed.  The 
course  of  the  settlement  was  accelerated 
through  lateral  displacement  of  the  subsoil  by 
overloading  or  by  blasting. 

In  the  design  of  the  earthwork,  danger  from 
frost  damage  was  given  special  attention. 
Soils  which  contained  more  than  3  percent  of 
particles  smaller  than  0.02  millimeter  were 
classified  as  subject  to  damage  by  frost  either 
by  heaving  or  by  softening.  It  was  recognized 
that  water  must  be  able  to  reach  the  frost  zone 
by  capillarity  before  frost  damage  could  occur, 
and  if  the  ground-water  surface  was  at  a 
greater  distance  below  the  frost  zone  than  the 
capillary  rise  in  the  soil,  no  frost  damage 
would  result  provided  there  was  no  entrance 
of  water  from  the  shoulders  or  side  slopes. 
Efforts  were  made  to  avoid  frost  damage  by 
the  following  means: 
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1.  Placing  the  concrete  slab  a  sufficient 
height  above  ground  water  to  avoid  saturation 
by  capillarity,  or  lowering  the  ground-water 
table  by  drainage. 

2.  Replacement  of  soils  susceptible  to  frost 
damage  with  soils  not  susceptible  to  such 
damage. 

3.  Use  of  layers  of  coarse  granular  material 
or  of  impervious  strata  such  as  bituminous 
concrete  slabs,  to  prevent  capillary  rise  of 
ground  water. 

The  following  statement,  from  a  publication 
em  it  led  "Guiding  Principles  for  Roadway 
Slabs"  issued  for  the  use  of  engineers  engaged 
in  the  design  and  construction  of  the  auto- 
bahnen, illustrates  the  importance  placed  on 
investigation  of  possible  frost  damage: 
prevention  of  frost  damage  must  in  every 
single  case  be  exhaustively  investigated  ac- 
cording to  terrain  and  change  in  soil,  and  may 
not  be  handled  in  a  routine  manner.'' 

In  areas  where  ground  water  was  found  to 
flow  toward  the  road,  it  was  intercepted  by 
longitudinal  drains.  Drains  were  also  used  in 
lower  the  ground-water  elevation  under  the 
roadway  when  such  a  procedure  was  con- 
sidered effective  and  economical. 

In  a  great  majority  of  the  mileage,  the  con- 
crete slab  was  placed  on  embankment.  In 
flat  terrain  the  grade  line  was  raised  3  feet  or 
more  above  the  natural  ground  level,  and  in 
cuts  the  roadway  was  excavated  below  gradi 
and  backfilled  with  selected  material.  This 
procedure  provided  good  drainage  and  in  the 
open  plains  simplified  snow  removal. 

Cohesionless  sand  was  used  in  fills  wherever 
it  was  available.  Sand  was  hauled  long  dis- 
tances to  avoid  the  disturbance  of  farm  lands 
that  would  result  from  taking  borrow  with  a 
shorter  haul.  When  sand  was  not  available 
for  the  entire  embankment,  it  was  used  in  the 
top  8  to  32  inches.  A  thickness  of  8  inches 
was  most  common.  The  sand  was  placed  the 
full  width  of  the  grade  in  fill  sections. 

Wfhere  sand  for  the  entire  fill  was  not  avail- 
able, relatively  thin  layers  of  granular  ma- 
terial were  placed  at  several  elevations  and  to 
the  full  width  of  the  embankment. 

Embankment  slopes  were  made  steep  (usu- 
ally 134:1  or  steeper)  to  reduce  to  a  minimum 
any  encroachment  on  farm  land,  and  embank- 
ment slopes  were  protected  against  the  en- 
trance of  moisture  by  sodding  immediately 
after  completion.  In  some  instances  a  full- 
width  layer  of  granular  material  was  placed  in 
the  bottom  of  embankments  composed  of  co- 
hesive soil,  to  aid  in  the  drainage. 

Cohesionless  sands  w-ere  compacted  with  a 
rammer  called  a  "jumping  frog."     The1  di 
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/  igure  1. — "Jumping frog"  used  in  compact 
cohesionless  ^<m<l. 


was  actuated  by  explosions  of  gasoline  in  a 
cylinder  and  the  explosions  were  controlled  by 
a  manually  operated  spark.  A  photograph  of 
one  of  these  machines  taken  by  F.  R.  McMillan 
is  shown  in  figure  4.  The  weights  of 
"frogs"  for  embankments  varied  from  ]■■  to  1 
ton  and  for  the  area  under  the  paved  >houldera 
machine  weighing  800  pounds  was  used. 

Cohesive  soils  (silty  clays  and  clays)  were 
compacted  with  smooth-face  and  sheepsfoot  roll- 
er.-. The  thickness  of  eaeli  layer  of  soil  before 
rolling  was  approximately  18  inch*  3.  \  field 
laboratory  was  maintained  on  each  project 
where  cohesive  soil  was  used,  and  the  moisture 
and  density  of  the  soil  were  carefully  con- 
trolled. Very  little  effort  was  made  to  com- 
pact sand  or  cohesive  soil  back  of  bridge  abut- 
ments and,  as  a  result,  there  are  man}'  settle- 
ments in  the  approaches  to  bridges.  That 
such  settlements  were  anticipated  is  evi- 
denced by  the  fact  ;  replaced 
adjacent  to  many  bridges  so  that  fill  settle- 
ment could  be  corrected  conveniently.  The 
setts  were  arranged  in  a  fanlike  pattern  similar 
to  that  employed  in  the  case  of  Durax  block 
in  this  country. 

Shoulders 

The  use  of  paved  shoulder  strips,  described 
in   detail  in   the  ion   of   the  report, 

has  been  effective  in  keeping  the  traffic  on  the 
pavement.  As  a  result,  there  has  been  no 
rutting  or  destruction  of  the  sodded  area  of 
the  shoulders.     The  sod  in  all  ca  rved 

was  very  thick  and  tough  and  even  though 
there  has  been  very  little  mowing  or  other 
care  given  to  the  Bhoulders  or  embankment 
slopes,  they  were  in  good  condition  and  looked 
<>nably  neat.  Typical  views  of  the 
shoulder  strips  arc  shown  in  6gun   2 


CONCRETE      SHOULDERS 
'     (ASPHALT  SURFACE) 


GRASS  CENTER  STRIP 


CONCRETE  PAVEMENT 
1.5% 


Figure  .». — Typical  «  roat  section  of  four-lane  autobahn. 
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Figure  6. — Where  dark-colored  pavement 
was  used,  the  shoulder  strips  were  of 
plain  concrete  for  contrast. 

Pavement  Design 

With  few  exceptions,  the  entire  system  was 
designed  to  provide  for  a  four-lane  divided 
highway,  with  opposing  traffic  separated  by  a 
grass  center  strip  about  13  feet  wide.  A  cross 
section  of  a  typical  design  is  shown  in  figure  5. 
In  this  figure  and  throughout  the  text,  the 
metric  dimensions  used  by  the  German  engi- 
neers have  been  converted  to  their  approxi- 
mate English  equivalents.  Pavements  were 
uniformly  24  feet  7  inches  wide,  with  a  longi- 
tudinal center  joint.  Construction,  in  general, 
was  full  width  in  one  operation,  with  a  longi- 
tudinal joint  of  the  weakened  plane  type. 
Lane-at-a-time  construction  was  occasionally 
used,  the  longitudinal  joint  between  the  slabs 
in  this  case  probably  being  of  the  butt  type, 
although  information  on  this  detail  is  lacking. 
Light  steel  tie  bars  were  used  across  the  longi- 
tudinal joint  to  prevent  separation  of  the 
pavement  slabs  due  to  settlement  or  other 
causes. 

All  pavement  slabs  were  of  uniform  depth, 
8  or  10  inches  in  thickness,  although  heavier 
sections  were  used  occasionally.  A  unique 
feature  of  the  design  was  the  hard-surfaced 
shoulder  strips.  These  were  usually  1  foot 
4  inches  wide  on  the  inside  shoulder  and  3  feet 
3  inches  wide  on  the  outside.  On  later  work, 
however,  the  outside  width  was  increased  to 
7  feet  4  inches,  apparently  with  the  idea  of 
providing  more  adequately  for  emergency 
parking.  The  shoulder  strips  were  usually 
about  10  inches  in  depth,  the  lower  7  inches 
usually  being  of  concrete  and  the  upper  3 
inches  of  asphalt.  The  purpose  of  the  as- 
phaltic  surface  was  to  provide  a  contrast  in 
color  and  thus  define  the  outside  edge  of  the 
traffic  lane.  In  cases  where  dark-colored 
concrete  or  asphalt  was  used  in  the  pavement 
proper,  plain  concrete  was  used  in  the  top 
course  of  the  paved  shoulder  strip  (fig.  6). 

The  concrete  base  for  the  shoulder  strip 
was  constructed  before  the  pavement  slab  and 
was  utilized  as  a  base  upon  which  to  mount 
the  rails  carrying  the  heavy  construction 
equipment  used  in  the  mixing,  placing,  and 
finishing  operations.  The  asphalt  top  was 
placed  to  the  elevation  of  the  finished  roadway 
after  the  completion  of  the  pavement  proper. 

So  far  as  the  design  of  the  slab  itself  is  con- 
cerned, practice  appears  to  have  been  pat- 
terned largely  after  that  followed  in  this 
country,  except  that  the  Germans  did  not  use 


the  thickened-edge  section.  Practice  as  re- 
gards transverse  expansion-joint  spacing  var- 
ied widely.  For  nonreinforced  sections  the 
joint  spacing  was  generally  indicated  as  26 
feet,  whereas  for  reinforced  sections  spacings 
varied  from  a  minimum  of  39  feet  to  a  maxi- 
mum of  98  feet.  Observations  at  the  time  of 
the  inspection  indicated  an  average  expansion- 
joint  spacing  of  from  40  to  60  feet.  It  was 
also  quite  common  practice  to  systematically 
increase  the  joint  spacing  from  slab  to  slab  in 
increments  of  3  feet  or  so,  with  periodic  return 
to  the  first  spacing,  apparently  in  an  effort  to 
avoid  setting  up  rhythmic  vibrations  in  cars 
traveling  at  constant  speed.  Weakened- 
plane  contraction  joints  were  frequently  in- 
stalled, particularly  in  the  case  of  the  longer 
expansion-joint  spacings. 

Load  transfer  was  provided  by  means  of 
conventional  round  steel  dowels,  14  inches 
long  and  %  inch  in  diameter,  with  a  sleeve 
over  one  end.  One  typical  design  for  an 
8-inch  section  shows  the  dowels  spaced  12 
inches  apart  at  the  center  of  the  slab  with 
somewhat  closer  spacing  near  the  edge.  In 
this  design  the  expansion-joint  opening  is 
shown  as  %  inch  at  the  top,  with  a  wood  filler 
Yz  inch  in  thickness. 

Practice  as  regards  the  use  of  reinforcing 
steel  also  varied.  It  was  apparently  not  used 
at  all  in  1935  but  was  employed  quite  exten- 
sively in  1936,  mostly  in  the  form  of  a  light 
mesh  weighing  from  42  to  51  pounds  per  100 
square  feet.  Steel  mesh  was  usually  placed 
after  screeding  the  lower  course  of  concrete 
and  before  placing  the  upper  or  wearing  course. 
This  placed  the  steel  at  about  one-third  the 
depth  of  the  slab,  or  about  3  inches  from  the 
top.  Use  was  also  made  of  corner-  and  edge- 
bar  reinforcing  during  this  period.  The  use  of 
reinforcing  was  discontinued  in  1937  and  there- 
after, due  to  a  shortage  of  steel. 

Materials 

Mr.  M.  A.  Swayze's  trip  to  Germany  in 
1945  was  made  for  the  specific  purpose  of 
studying  the  German  cement  industry.  With 
Mr.  G.  G.  J.  Davis,  representing  the  portland 
cement  industry  of  Great  Britain,  he  visited 
some  28  cement  plants,  all  located  within  the 
American  and  British  Zones.  The  results  of 
their  survey  have  been  reported  in  consider- 
able detail  elsewhere,7  but  are  summarized  by 
Mr.  Swayze  in  his  report  on  war  damage  in 
Germany,  previously  cited,  as  follows:  "The 
great  majority  of  the  plants  visitjed  were 
making  a  product  which  was  inferior  in  prac- 
tically every  way  to  the  cements  manufac- 
tured in  the  United  States  or  in  Great  Britain. 
Their  control  of  raw  mix  proportions  was  gen- 
erally lax,  and  fine  grinding  of  these  materials 
which  we  believe  essential  for  good  quality  was 
nowhere  near  that  of  American  practice.  The 
burning  operation  is  much  lighter  than  ours, 
even  in  plants  with  modern  kilns,  and  free 


'  German  cement  industry,  F.  I.  A.  T.  final  report  No.  519, 
by  M.  A.  8wayze  and  Q.  G.  J.  Davis,  for  the  Field  Informa- 
tion Agency,  Technical,  United  States  Group  Control 
Council  for  Germany;  published  by  the  British  Intelligence 
Objectives  Subcommittee.  H.  M.  Stationery  Office,  Lon- 
don, November  20,  1945. 


lime  contents  as  high  as  2.5  percent  are  not 
uncommon." 

Mr.  Swayze's  appraisal  was,  of  course, 
based  on  observations  of  conditions  in  1945. 
To  just  what  extent  economic  conditions, 
particularly  an  acute  fuel  shortage,  may  have 
tended  to  lower  postwar  manufacturing 
standards  as  compared  with  those  in  effect 
during  the  thirties,  cannot  be  stated  definitely. 
Furthermore,  the  cements  used  in  the  con- 
struction of  the  motor  roads  were  supposed 
to  meet  special  requirements  for  flexural 
strength,  drying  shrinkage,  and  fineness 
which  were  not  imposed  in  the  case  of  the 
ordinary  product.  Even  so,  it  seems  probable 
that  even  these  specially  selected  cements 
were  quite  inferior,  when  judged  by  our  stand- 
ards, to  modern  American  cements.  For 
example,  Swayze's  survey  indicated  that, 
entirely  aside  from  the  matter  of  fuel  economy, 
the  methods  for  controlling  uniformity  of 
product,  such  as  facilities  for  storing  and 
handling  clinker,  proportioning  materials  in- 
cluding the  gypsum,  etc.,  were  very  crude  as 
compared  to  modern  American  practice 
This  conclusion  would,  of  course,  apply  as 
well  to  the  prewar  German  cement  as  to  the 
postwar  product. 

The  autobahn  cements  were  undoubtedly 
somewhat  coarser  than  our  present-day 
American  cements.  The  Germans  required 
that  between  5  and  25  percent  be  retained 
on  a  sieve  having  178  openings  per  inch. 
Compare  this  with  the  modern  American 
cement,  which  rarely  will  have  more  than  3 
or  4  percent  retained  on  the  standard  No.  200 
sieve  (200  openings  per  inch).  Particle-size 
distribution  in  the  typical  autobahn  cement 
was  also  probably  quite  different.  According 
to  Swayze,  practically  all  finish  grinding  in 
German  cement  mills  is  by  open  circuit  as 
compared  with  our  modern  closed-circuit 
operation  using  air  separators.  In  open-circuit 
grinding,  the  final  cement  product  contains 
the  various  sizes  just  as  produced  in  one  con- 
tinuous passage  through  the  grinding  mills. 
In  closed-circuit  grinding,  the  various  sizes 
are  classified  by  means  of  air  separators  and 
the  coarser  particles  are  returned  to  the  mills 
for  further  grinding. 

It  is  probable  also  that  the  German  cements 
were  not  as  hard  burned  as  our  modern  ce- 
ments. Apparently  the  only  requirement  for 
soundness  was  a  2-hour  boiling  test.  The 
autoclave  test  has  never  been  used.  Accord- 
ing to  the  best  technical  thought  in  this  coun- 
try, an  autoclave  test  is  absolutely  essential 
for  the  proper  control  of  soundness.  Many 
failures  in  the  United  States,  particularly  in 
the  southeast,  have  been  attributed  to  the 
absence  of  an  autoclave  requirement  in  speci- 
fications, and  it  will  be  interesting  to  note 
when  discussing  the  present  condition  of  the 
autobahnen  that  such  a  requirement  has  never 
been  used  by  the  Germans. 

According  to  Prof.  Otto  Graf,8  cements  for 
concrete  road  construction  were  selected  from 
the  commercially  available  products,  on  the 
basis  of  the  following  characteristics: 


8  Choke  of  cements  for  concrete  road  construction  and  some 
questions  regarding  same,  by  Otto  Graf;  Zement,  vol.  25,  No.  33, 
Aug.  13,  1936. 
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1.  High  flexural  strength. 

2.  Moderately  high  (adequate)  compres- 
sive strength. 

3.  Low  drying  shrinkage. 

4.  Moderately  coarse  grind. 

In  addition,  as  mentioned  above,  all  cements 
were  required  to  pass  a  2-hour  boiling  test  for 
soundness.  This  was  a  field  control  test  for 
uniformity  during  manufacture,  the  other 
tests  being  used  primarily  as  prequalification 
tests  to  determine  the  acceptability  of  a.  par- 
ticular source. 

Apparently  no  attempt  has  been  made  in 
Germany  to  classify  cements  by  chemical 
composition  in  a  manner  similar  to  that 
employed  in  the  five-type  specification  recog- 
nized by  the  American  Society  for  Testing 
Materials.  So  far  as  could  be  determined, 
any  cement  that  would  qualify  on  the  basis 
of  the  physical  tests  outlined  above  would  be 
acceptable  as  to  chemical  composition  on  much 
the  same  basis  as  the  Type  I  cement  in  the 
A.  S.  T.  M.  specifications,  with  one  exception 
— the  Germans  placed  an  upper  limit  of  3 
percent  on  magnesia  instead  of  the  5  percent 
used  in  most  American  specifications.  As  a 
matter  of  information  it  should  also  be  noted 
that  the  alkalies  (sodium  and  potassium 
oxides)  in  German  cements  are  said  to  run 
quite  low  as  compared  to  many  American 
cements. 

In  addition  to  straight  portland  cement,  the 
Germans  recognized  two  types  of  portland- 
blast-furnace  slag  cement:  Eisenportland, 
containing  about  70  percent  portland  cement 
and  30  percent  blast-furnace  slag,  and  Hochof- 
en  cement,  containing  about  15  percent  port- 
land  cement  and  85  percent  blast-furnace  slag. 
Because  of  its  slow  hardening  characteristics, 
the  Hochofen  cement  was  not  used  to  any 
extent  in  road  work.  The  Eisenportland,  how- 
ever, was  used  quite  extensively,  particularly 
in  northern  Germany.  The  manufacture  of 
this  type  was,  of  course,  limited  to  those 
plants  sufficiently  close  to  the  blast  furnaces 
to  make  the  utilization  of  the  slag  economi- 
cally justifiable.  The  availability  of  almost 
unlimited  quantities  of  slag,  together  with  the 
great  saving  in  fuel,  made  the  manufacture  of 
Eisenportland  very  attractive;  and  it  is 
understood  that  in  the  neighborhood  of  ono- 
third  of  the  entire  mileage  of  motor  roads 
contains  this  type  of  cement. 

The  instructions  governing  the  selection, 
processing,  and  control  of  aggregates  for  con- 
crete pavement  construction  were  such  as  to 
insure  excellent  results  from  the  standpoint 
both  of  the  quality  of  the  hardened  concrete 
and  the  uniformity  of  the  consistency  of  the 
mixture  as  it  was  placed.  Aggregate  quality 
was  insured  through  the  use  of  compressive 
strength  and  wear  tests  in  the  case  of  crushed 
rock  and  wear  tests  in  the  case  of  gravel. 
Hard  rocks,  such  as  granite,  basalt,  and 
quartzite,  were  preferred.  Durability  was 
judged  apparently  on  the  basis  of  experience, 
as  the  record  does  not  indicate  that  laboratory 
tests  for  soundness  were  used.  Blast-furnace 
slag  was  permitted  but  the  inspections  did  not 
reveal  that  it  had  been  used  to  any  extent. 
The  requirements  for  blast-furnace  slag  were 
stated  to  be  about  the  same  as  for  crushed 


rock.  Considerable  attention  was  paid  to  the 
matter  of  impurities,  and  freedom  from  flat 
and  elongated  particles  was  insured  by  re- 
quiring that  the  breadth  of  an  individual  par- 
ticle should  be  not  less  than  65  percent  of  its 
length  and  that  its  thickness  should  be  not  less 
than  25  percent  of  its  length. 

In  the  matter  of  separated  sizes,  German 
practice  differed  markedly  from  that  employed 
in  this  country  in  that  it  was  apparently  the 
universal  practice  to  require  that  the  sand  or 
fine  aggregate  be  furnished  in  at  least  two 
fractions,  0-0.12  inch  and  0.12-0.28  inch. 
To  insure  better  control  of  grading,  the  ma- 
terial below  0.12  inch  was  sometimes  Mill 
further  separated  into  two  or  three  sizes.  It 
is  obvious  that  with  so  man}  separations, 
very  close  control  of  the  total  fine  aggn  - 
grading  could  be  obtained. 

For  the  larger  sizes,  the  separations  were 
usually  0.28-0.59  inch  and  0.59-1.18  inches. 
These  were  the  size  separations  for  the  top 
course.  In  two-course  construction,  a  so 
what  larger  (1.58-1.97  inches)  maximum  size 
was  used  for  the  bottom  course. 

Most  of  the  pavements  on  the  autobahnen 
were  constructed  in  two  courses.  This  was 
necessary  not  only  because  of  the  difficulty  of 
properly  compacting  a  single  course  of 
dry  concrete  8  to  10  inches  in  depth,  but  also 
because  this  type  of  construction  made  it  pos- 
sible to  use  a  somewhat  inferior  type  of  at 
gate  in  the  lower  course — a  matter  of  consider- 
able economic  importance"  in  some  instam 

Composition  of  Mix  and  Proportioning 

It  was  the  general  practice  to  design  all  pav- 
ing mixes  in  the  laboratory  prior  to  construc- 
tion, using  the  same  cement  and  aggregates  to 
be  furnished  later  to  the  job.  The  basis  of  the 
design  was  the  development  of  a  mix  that 
would  (1)  have  sufficient  workability  for  plac- 
ing and  finishing  with  the  equipment  to  be 
used  on  the  work,  and  (2)  result  in  concrete 
conforming  to  the  following  requirements  for 
strength  at  28  days,  using  a  cemenl  content  of 


not  less  than  1.35  barrels  per  cubic  yard  and 
not  more  than  1.57  barrels  per  cubic  yard: 

Flexural  Strength:  Lbs.  per  sq.  in. 

Minimum 

\   .rage 640 

Compre— ive  Strength: 

Minimum 4,  700 

\   >  rage 5.700 

It  was  further  provided  that  the  strengths 
at  7  days  should  not  be  less  than  70  perc< 
tin-  above  values.     It  was  the  practice  a!- 
check  the  strength  design  by  means  of 

pression  and  flexure  specimens  made  dur- 
ing construction  and  by  means  of  tests  on  cores 
at  the  age  of  approximately  60  days. 

\-  previously  stated,  aggregates  were  sup- 
plied in  a  number  of  separated  sizes.  Instruc- 
tions for  the  design  of  mixes  required  that  the' 
available  sizes  be  so  proportioned  that  the 
combined  grading  curve  would  fall  within  the 
limits  shown  by  lines  A'  and  D  in  figure  7. 
instructions  also  stated  that  the  exact 
position  of  the  combined  grading  curve  be- 
tween these  limits  would  depend  upon  the  na- 
ture of  the  aggregate  (that  is,  the  curve  would 
he  lower  for  gravel  than  for  crushed  stone)  and 
als*o  upon  the  efficiency  of  the  placinR  equip- 
ment. In  general,  a  curve  below  line  J  but 
above  line  D  would  be  permitted  only  in  cases 
where  compacting  machines  of  proved 
ciency  were  to  be  employed. 

The   amount   of   mixing   water   apparently 
was  not  specified  directly  but  wa  d  as 

the  minimum  required  for  the  chosen  method 
of  placing.  For  the  zero-slump  cote 
which  seems  to  have  been  used  normally,  a 
water-cement  ratio  between  0.35  and  0.50,  by 
weight,  was  specified.  Apparently  a  some- 
what higher  water-cement  ratio  was  permitted 
when  the  concrete  contained  crushed  stone 
than  when  gravel  was  used. 

Paving  Operation-. 

In    contrast   to   design    practices,    the   con- 
struction method-  used  by  the  Germans  v 
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Figure  8. — Construction  on  the  autobahn  soutli  of  Stuttgart :  (A)  Dumping  concrete  into  spreader  hopper;  (B)  spreading  concrete;  (C) 
watering  curing  mats.  Texture  of  the  concrete  is  shown  (D)  after  spreading,  (K)  as  the  Vb'gele  vibrator  began  a  second  pass,  and 
(F)  after  the  final  finishing. 


totally  different  from  those  employed  in  this 
country.  With  minor  exceptions  it  was  the 
German  practice  to  use  trains  of  heavy  travel- 
ing equipment  in  connection  with  the  various 
paving  operations  on  the  autobahnen.  This 
equipment,  spanning  the  entire  25-foot-wide 
pavement  slab,  was  carried  on  steel  rails 
which,  in  turn,  were  mounted  on  the  concrete 
shoulder  strips  previously  mentioned.  Sepa- 
rate mixers,  spreaders,  and  finishers  were  used 
for  each  course.  Mixers  traveled  on  the  rails 
and  not  on  the  subgrade  and  were  serviced 


by  industrial  railways  running  on  the  center 
strip.  Proportioning  was  at  a  central  plant, 
each  size  of  aggregate  being  weighed  sepa- 
rately. The  mixer  was  sometimes  mounted 
separately  and  sometimes  on  the  same  frame  as 
the  spreader.  Spreaders  were  of  the  vertical- 
discharge  hopper  type.  After  receiving  a  load 
of  concrete  they  were  discharged  by  moving 
the  hopper  slowly  from  one  side  to  the  other 
as  the  entire  machine  moved  forward. 

It  was  the  general  practice  to  use  a  very 
dry  (zero-slump)   mix  in  pavement  construc- 


tion. In  this  respect  the  Germans  followed 
British  practice  rather  than  that  favored 
generally  in  this  country.  Such  mixtures  are, 
of  course,  entirely  unsuited  for  use  with  an 
ordinary  power-driven  screed,  which  exerts 
comparatively  little  compactive  effort  but 
merely  smooths  the  surface  after  the  concrete 
has  been  distributed  by  the  spreader.  Ger- 
man engineers  have  developed  several  types 
of  compaction  equipment.  In  fact,  consider- 
able research  appears  to  have  been  conducted 
on    the    problem,    the   results   of   which    are 


Figure  9. — Construction  on  the  autobahn  north  of  Kassel:  (A)  Mixer  spanning  subgrade,  with  industrial  railway  alongside;  (B)  Dingier 
tamper  in  operation;  (C)  sunshades  used  for  preliminary  curing.  Texture  of  the  concrete  is  shown  (D)  before  and  after  tamping,  and 
(E)  after  brooming.     (F)   Woven-reed  curing  mats  were  used. 


74 


June  1948  •  PUBLIC  ROADS 


discussed   in    detail   in   a    report   by    Schade 
originally  issued  in  1940.9 

There  were  two  general  types  of  finishers 
used  on  the  motor  roads,  the  Vogele  and  the 
Dingier.  Tha  Vogele  was  a  three-element 
machine,  the  first  and  third  elements  being 
reciprocating  screeds  of  the  usual  type. 
Mounted  between  the  screeds  was  a  heavy 
plate  which  could  be  operated  either  as  a  vibra- 
tor or  a  tamper.  Vibrating  frequencies  were 
originally  quite  low  (150-250  per  minute)  but 
were  later  increased  to  as  high  as  3,600  per 
minute.  It  was  sometimes  operated  alter 
nately  as  a  tamper  and  as  a  vibrator  in  suc- 
cessive passes,  and  frequently  several  pa 
were  required  to  obtain  the  desired  finish. 
The  Dingier  machine  was  a  very  much  heavier 
piece  of  equipment.  It  consisted  of  a  series  of 
tamping  hammers,  with  4-  by  10-inch  faces, 
neighing  55  to  120  pounds  each  and  mounted 
in  a  row  just  behind  the  front  screed.  The 
height  of  fall  was  about  6  inches  and  they  were 
operated  at  about  70  blows  per  minute.  T 
tamping  hammers  were  apparently  only  used 
for  compacting  the  lower  course.  The  final 
finishing  was  by  means  of  a  combined  screed 
and  tamper  operating  at  about  600  strokes  per 
minute  and  several  passes  were  usually  re- 
quired to  produce  the  required  finish.10 

Another  unique  feature  was  the  practice  of 
conducting  the  placing,  finishing,  and  prelimi- 
nary curing  operations  under  sunshades. 
These  were  mounted  on  light  wooden  frames 
spanning  the  entire  pavement  and  carried  on 
light  steel  rails  mounted  outside  and  parallel 
to  the  concrete  shoulder  strips.  In  this  way 
the  concrete  was  protected  from  sun  and  wind 
from  the  time  it  was  placed  until  it  had  hard- 
ened sufficiently  to  receive  the  final  curing 
mats.  The  frames  used  for  protecting  the  con- 
crete during  placing  were  sufficiently  high  to 
permit  the  equipment  to  pass  under  them  and 
to  accomodate  the  men  working  on  the  final 
finish.  The  frames  used  for  the  preliminary 
curing  were  low  and  were  completely  enclosed. 
During  the  summer  of  1936  Mr.  F.  R. 
McMillan,  of  the  Portland  Cement  Associa- 
tion, visited  Germany  and  took  a  number  of 
photographs  of  the  various  paving  operations 
in  use  that  year.  The  authors  have  his  very 
kind  permission  to  include  in  this  report  several 
of  these  photographs,  which  illustrate  in  a 
striking  manner  the  marked  difference  between 
the  construction  methods  used  by  the  Germans 
and  those  in  use  in  this  country. 

Figure  8  illustrates  several  operations  on 
sections  of  the  autobahnen  just  south  of 
Stuttgart.  The  pictures  were  taken  on  July 
23,  1936,  and  this  particular  section  was 
inspected  by  the  authors  on  July  28,  1947, 
just  1 1  years  later.  Figure  8.4  shows  the  mixer 
discharging    a    batch    of    concrete    into    the 


8  The  mechanical  finishing  of  concrete  in  road  construction , 
with  special  reference  to  vibration.  A  new  way  of  increasing 
output,  by  R.  Schade,  1940;  translated  from  the  German  by 
L.  Baumgartel:  Library  Communication  No.  70,  Depart- 
ment of  Scientific  and  Industrial  Research,  British  Road 
Research  Laboratory,  February  1917. 

10  Further  details  regarding  construction  equipment  may 
be  found  in  Concrete  road  construction  on  the  Reichsautobahnen, 
by  F.  O.  Turner,  for  the  British  Ministry  of  Transport. 
H.  M.  Stationery  Office,  London,  1939. 


spreading  hopper  which  then  moves  forward 
under  the  sunshade  and  discharge-  as  shown 
in  figure  SB.  The  spreader  was  moving  from 
right  to  left  when  the  photograph  was  taken. 
Note  the  very  dry  concrete,  shown  in  greater 
detail  in  figure  8D.  Figure  HE  -hows  the 
Vogele  finisher  starting  its  second  pass  and 
figure  8F  the  final  finish  which,  in  this  case, 
was  only  secured  after  several  passes  of  the 
machine.  Figure  8C  is  another  view  of  the 
final  surface.  It  also  shows  the  woven-reed 
curing  mats  which  were  left  in  place  for  3 
weeks  and  were  kept  continuously  wet  during 
that  period.  This  view  also  shows  the  light 
rail  used  to  carry  the  sunshade  frame-.  In 
his  notes  accompanying  the  photographs, 
Mr.  McMillan  states  that  the  usual  rate  of 
progress,    using    machinery    of    the    type    de- 
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Figure  10. — Transverse  cracking   was  com- 
mon  throughout  the  system. 


scribed,  was  about  1,000  feet  in   16  hour-  for 
full-width  construction  of  24  feet  7  inch' 

Figure  9  illustrates  operations  on  a  section 
about  40  miles  north  of  Kas.-el  on  which  the 
Dingier  machine  wa-  being  used.     Figui 
shows   the   concrete   mixer  -panning   the   SUD- 

de  with  the  industrial  railway  on  the  right. 

•'/;    -hows    the    tamping    machine    in 

action   compacting    the    lower   course.      Note 

in    the   dry   consistency   of   the 
Al-o  note  that   this  particular  operation 
not     protected    by    sunshades        Figure    '.'/> 
illustrates   the  appearance   of   the   concn 
the  -urface  cour.se  before  and  after  compaction 
by  the  tamping  screed.     Figure  '.»/•.'  -how-  the 
finished  surface  being  given  a  light  brooming 
and  figure  '.»("  -how-  the  low  sunshades 
during    the    preliminary    curing.      Figure    '.»/•" 
i-  a  general  view  of  the  pavement  with  the 
curing  mats  in  plai 

PART  m.— PRES1  N  I    <  DMHI  ION 
Structural  Defects 

The  structural  defects  that  usually  develop 
in  concrete  roads  in  the  United  States  were 
found  in  the  German  pavements. 

Transverse  cracking  wa-  common  and  was 
not  confined  to  any  particular  part  of  the 
system.  There  seemed  to  be  no  relation  be- 
tween transverse  cracking  and  terrain  or  .-oil 
conditions.  In  most  instances  the  cracks  were 
closed  and  were  not  discernible  at  speeds  nor- 
mally traveled  by  automobiles.  In  some  cases 
the  cracks  were  open  and  the  expansion  joints 
had  closed.  This  condition  was  noted  on  a 
section  just  north  of  Gottingen,  near  Kn 
Transverse  cracking  seems  to  be  most  pro- 
nounced on  the  route  from  Hannover  to  Frank- 
furt through  the  Ruhr  Valley,  from  Frankfurt 
to  Kassel,  and  from  Frankfurt  toward  Heidcl- 
The  cracking  shown  in  figure  10  is 
typical  of  that  observed. 

Spading  at  transverse  and  longitudinal  joints 
was  found  principally  in  the  area  around 
kfurt.  At  the  transverse  joints  this 
appeared  to  be  due  in  most  instances  to  the 
infiltration  of  sand  and  other  incompressible 
debris  into  the  joint  and  the  subsequent  oxer- 
stress  of  the  concrete  upon  expansion  of  the 
pavement.  Figure  11  illustrates  the  spading 
at  joints  in  the  vicinity  of  Frankfurt. 

Faulting  at  joints  and  at  transverse  crac 
in     most     instances     less     than     %    inch,     was 
observed  in  areas  where  there  was  evideno 
msiderable  amounl  of  traffic.     At  a  ! 
tion  approximately  50  miles  west   <>f   Kamen 
faulting  of  joints  in   the  outside  lane-  of  the 
menl     was    found    to    he    '_•    to    ■1i    inch. 
faulting    in    the    outside    lane    in    the    Huhr- 
. furt   area  is  shown  in  figure   12.1.      The 
photograph  was  taken  with  the  camera  facing 
in  the  direction  of  the  traffic  and  it   should  be 
noted  that  the  expansion  joints  in  the  left  I;: 
which  had  no'   faulted,  an    visible  while  tl 
in  the  right  lane  had  faulted  sufficiently  to 
obscured. 

In    the     Munchen-  Salzburg    section    tl  • 
were   a   few  small   comer  breaks.      With   few 
exceptions,  these  were  the  only  corner  bo 
found    in    the    entire    mileage    inspected       A 
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Figure  11.— Spoiling  at  joints  occurred  principally  in   lite  vicinity  of  Frankfurt. 


small  corner  break  which  has  been  patched  is 
shown  in  figure  ISA. 

Some  faulting  and  some  spalling  were  ob- 
served at  the  longitudinal  center  joints.  In 
many  instances  the  longitudinal  center  joint 
was  crooked.  The  longitudinal  joints  shown 
in  figures  13C  and  D  are  typical  of  the  condi- 
tion frequently  observed. 

The  riding  surface  of  the  pavement  over  a 
considerable  portion  of  the  mileage  inspected 
was  poor  as  compared  with  standards  in  the 
United  States.  For  example,  in  the  section 
from  Berlin  to  Braunschweig  the  pavement 
was  rough  and  there  were  many  small  areas 
where  there  was  evidence  that  bush  hammer- 
ing had  been  resorted  to  in  an  effort  to  pro- 
duce a  better  riding  surface.  On  the  other 
hand,  there  were  many  long  stretches  of 
smooth-riding  pavement.  Here  again,  there 
appeared  to  be  no  relation  between  the  degree 
of  smoothness  and  soil  conditions,  terrain,  or 
other  factors. 

Mud  Pumping  and  Warping 

Evidence  of  mud  pumping  at  joints  in  the 
concrete  pavement  was  not  found  on  the 
autobahnen.  The  absence  of  pumping  over 
the  areas  where  fine-grain  soil  subgrades  pre- 
dominate may  be  attributed  to  the  passage 
of  relatively  few  heavy  loads  and  to  the  use  of 


a  layer  of  granular  material  such  as  sand  or 
sand-gravel  under  the  pavement.  The  seal- 
ing of  the  expansion  joints  and  cracks  to 
prevent  the  entrance  of  surface  water  was 
inadequate. 

Warping  was  observed  in  a  short  section  31 
miles  south  of  Koln.  The  soil  in  this  area  is 
a  silty  clay  and  would  be  susceptible  to  suffi- 
cient volume  change  with  an  increase  in 
moisture  content  from  a  dry  compact  state 
to  cause  warping.  The  layer  of  cohesionless 
granular  material  usually  used  under  the 
pavement  on  the  autobahnen  would  not  be 
effective  in  preventing  warping.  Observation 
of  this  section  was  made  during  a  light  rain- 
storm and  the  water  falling  on  the  pavement 
was  running  away  from  the  joints,  indicating 
that  they  were  high.  This  condition  is 
illustrated  in  figure  12B. 

The  asphaltic  surfaces  of  the  shoulder 
strips  were  generally  in  good  condition. 
Occasional  local  failures  were  noted. 

Quality  of  the  Concrete 

So  far  as  could  be  determined  from  an  ex- 
amination of  the  surface  of  the  pavements  and 
from  chip  samples  taken  from  the  corners  or 
edges  of  the  slabs,  the  quality  of  the  concrete, 
with  few  exceptions,  appeared  to  be  excellent. 
The    concrete    had   a    good    ring    under    the 


hammer  and  the  difficulty  encountered  in 
breaking  off  the  chip  samples  revealed,  in 
general,  a  high  degree  of  strength  and  tough- 
ness. As  a  further  check  on  quality,  a  number 
of  the  chip  samples  were  examined  under  the 
microscope  in  an  effort  to  determine  something 
of  the  character  of  the  matrix,  the  presence  and 
nature  of  voids,  etc.  Thin-section  examina- 
tions were  also  made  of  many  of  the  igneous 
aggregate  types  found  in  the  samples.  These 
data  are  summarized  in  table  2. 

As  will  be  noted,  the  examination  of  the  chip 
samples  revealed  the  cohcrete  generally  to  be 
of  excellent  quality.  There  was  no  evidence 
of  excess  water.  On  the  contrary,  with  the 
exception  of  sample  No.  7,  which  was  of 
bridge  concrete,  such  voids  as  were  noted 
were  quite  large  and  evidently  of  air  origin, 
indicating  that  mixtures  of  very  dry  consis- 
tency had  been  used.  This  is  borne  out  by 
the  construction  record  to  which  reference 
has  already  been  made.  The  bond  between 
matrix  and  aggregate  particles  was  in  practi- 
cally all  cases  sufficiently  strong  to  fracture 
the  aggregate  particles  themselves,  again  re- 
vealing good  strength  and  probably  a  high 
degree  of  durability. 


Figure  12. — (A)  Joint  faulting  in  the  left 
lane  (Ruhr-Frankfurt).  (B)  Warping 
resulted  in  high  joints  (Ruhr-Frank- 
furt). (C)  Surface  scale  was  seen  only 
on  the  Miinchen-Salzburg  route. 
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In  the  microscopic  examination  a  magnifi- 
cation of  20  diameters  was  used,  with  a  change 
to  50  diameters  when  some  special  detail 
seemed  to  indicate  the  desirability  of  the 
increased  power.  In  none  of  the  specimens 
was  there  any  evidence  of  water  gain  beneath 
the  lower  surfaces  of  the  aggregate  particles. 

Surface  Texture 

A  characteristic  feature  of  the  pavement 
surface  is  the  general  absence  of  the  rather 
heavy  mortar  top  which  we  frequently  leave 
on  our  roads  and  which  so  often  scales  off, 
leaving  the  surface  rough  and  unsightly.  An 
examination  of  the  surface  indicated,  in  most 
instances,  the  use  of  a  mix  that  contained  just 
enough  paste  to  fill  the  voids  in  the  aggregate 
and  leave  a  small  excess  for  finishing.  Sur- 
faces were  dense  and  compact,  with  the  coarse 
aggregate  either  just  below  the  top  or  actually 
exposed  in  some  degree.  Typical  illustrations 
of  variations  in  the  surface  texture  are  shown 
in  figure  14.  Figure  14A  is  a  view  of  a  surface 
on  which  the  screed  marks  are  still  showing. 
The  corrugations  are  quite  shallow  and  are 
about  1  inch  apart.  This  particular  photo- 
graph was  taken  just  east  of  the  Bad  Oeyn- 
hausen  interchange  on  the  road  to  Hannover. 
Other  sections  showed  the  same  condition, 
particularly  on  the  inner  lanes  which,  of 
course,  carry  less  traffic.  Figure  14/3  illus- 
trates a  fine-grained  sand  finish  texture  which 
was  also  noted  in  several  places.  The  photo- 
graph was  taken  on  the  same  road  as  figure  14  A 
and  about  5  miles  east  of  the  interchange. 

Figures  14D-F  illustrate  varying  degrees 
of  coarse  aggregate  exposure.  Figure  14D 
indicates  the  type  of  surface  about  7  miles 
south  of  Frankfurt  on  the  road  to  Stuttgart; 
figure  14.E  a  section  of  the  Hamburg-Liibeck 
road;  and  figure  14F,  a  section  between 
Hannover  and  Berlin  at  kilometer  post  194. 
Note  in  the  last-mentioned  illustration  that 
coarse  aggregate  up  to  1  inch  in  size,  which  is 
close  to  the  maximum  size  used  in  the  top 
course,  is  exposed.  Many  of  the  exposed 
aggregate  surfaces  are  smooth,  with  a  ter- 
razzolike  texture,  probably  the  result  of  slight 


Figure  13. — (A)  A  patched  corner  break  (Frankfurt-Stuttgart)-  (B)  A  large  random 
crack  (Hannover-Rulir).  (C,  D)  Typical  faulting  of  longitudinal  joints  (Rulir- 
Frankfurt). 


surface  wear.  In  many  places  this  type  of 
surface  was  noted  in  the  center  of  the  traffic 
lanes  (particularly  the  outside  lane)  with  the 
original  thin  mortar  surface  showing  at  the 
extreme  edges.  In  other  sections  where  the 
coarse  aggregate  was  exposed,  particles  of  the 
hard  igneous  rock  protruded  slightly  above 
the  mortar,  producing  a  slightly  rough  surface. 
This  condition  may  have  resulted  from  the 
scaling  off  of  the  light  surface  mortar  or  it 
may  have  been  the  result  of  wear — it  is  difficult 
to  determine  the  exact  cause.  However,  it 
should  be  emphasized  that  the  slightly  rough 
surface  is  not  objectionable  from  the  stand- 
point of  ridability.  Neither  should  the  ex- 
posure of  the  aggregate  have  any  detrimental 
effect  on  the  ultimate  durability  of  the  con- 
crete, since  the  quality  of  both  aggregate  and 
concrete  was  excellent. 


There  was  evidence  of  surface  grinding  in 
several  places.  This  was  undertaken,  evi- 
dently, to  correct  irregularities  resulting  from 
the  difficulty  of  finishing  the  very  dry  con- 
crete generally  used. 

A  detail  of  the  surface  texture  of  black- 
colored  concrete  is  shown  in  figure  14C. 

Scale  and  Disintegration 

With  the  exception  of  one  section  in  southern 
Germany,  the  entire  1,000  miles  of  pavement 
covered  by  this  inspection  were  found  to  be 
practically  free  from  scale,  either  of  the  surface 
or  of  the  progressive  type.  Only  on  certain 
stretches  of  the  Munchen-Salzburg  section 
in  Bavaria  was  surface  scaling  noted  in 
appreciable  amount.  Figure  12C  is  a  general 
view  of  the  pavement  showing  about  the  w 
condition  observed.     This  picture  was  taken 


Table  2. — Results  of  microscopic  examination  of  chip  samples 


Sam- 
ple 

No. 

Location. 

Aggregate  types 

Comment  concerning — 

Coarse 

Fine 

Aggregates 

■rix 

■lire 

1 
2 
3 

4 

5 
6 

7 

8 
9 

Hamburg-Bremen. 

Olivine  basalt  .. 

Quartz,  with  sandstone, 
quartzite,  and  chat 

Quartz,  quartzite  with  some 
chalcedony  and  limestone . 

Quartz,  feldspar,  and  chal- 
cedony. 

Quartz,  limestone,  chalccd- 
onic  chert,  granite,  feld- 
spar. 

Sandstone,  quartz,  granite, 
limestone,  feldspar. 

:i  i/,  quartzite,  plus  other 
unknown  fragment-;. 

Quartz,    syenite,     feldspar, 
feldspathic  Bands  tone. 

Quartz,  granite,  feldspar 

Quartz,  quartzite, feldspar... 

Sound.    No  weathered  par- 
[ 

i                 talllne.      Excellent 

bond  on  aggregate  surl 
Mass    crystalline     and     well 

bonded  to  aggregate. 

i         crystalline    and    well 
ded  to  aggregate.   Excel- 
bond.    No  limy  deposit 

in  air  pock 
Mass    crystalline    and    well 

bonded    t  ■                          No 

limy  deposit  in  air  voids. 
Mass     crystalline.       Mortar 

very 

rystalline  . 

Mass  crystalline,    v. 

ace  of  limy 
deposit .    Strong  and 
in  appearance. 

lline  with  few  air 
voids.    No  evidence  of  limy 
.  strong  con- 
crete. 
Light  gray;  mass  crystalline. 
Few    air    voids.     No    limy 
deposit. 

Through  aggregate  par- 
Do. 
Do. 

Through  aggregates. 

Through  nearly  all  aggrc- 

particles. 
Throuf  1                    parti- 
Few  fractured  aixregato 

parti 

lower    bond    strength 

than  i 

Frankfurt-Stuttgart,  20  miles 

south  of  Frankfurt. 
Frankfurt-Stuttgart,  34  miles 

south  of  Heidelberg. 

Stuttgart-Miinchen.  15  miles 
south  of  Stuttgart. 

Miinchen-Salzburg,  20  miles 
west  of  Austrian  border. 

Hannover-Kuhr,  30  miles 
west  of  Bad  Oeynhausen. 

Ruhr-Frankfurt  (bridge) 

Ruhr-Frankfurt,     28    miles 
south  of  Leiehingen. 

Frankfurt-Stuttgart,  20  miles 
south  of  Frankfurt. 

Basalt .:--- 

Rhyolite 

do 

Limestone  and  syenite- 
Altered  granite 

Basalt 

Sound  and  strong.    Break 

surfaces  of  yellowish  tint. 

Possibly  some  weathering. 

md                          

Sound,    unweathered    ma- 
terials. 

Sound.       Xo     evidence     of 
weathering. 

Sound .  One                d  par- 

ticlc. 

Sound 

Basalt,  feldspathic 
sandstone. 

Basalt 

Qranodiorite,  felds- 
pathic sandstone. 
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Figure  14. — (A)  /ri  some  places  screed  marks  still  appear  as  shallow  corrugations.  (B)  ^4 
fine-grained  sand  finish.  (C)  Black  colored  concrete.  (D-F)  Typical  appearance  of 
varying  degrees  of  coarse  aggregate  exposure. 


about  20  miles  west  of  the  Austrian  border 
at  Salzburg.  Figures  15.4  and  C  are  details 
showing  the  type  of  scaling  that  has  developed 
on  this  section.  It  is  apparently  of  the  surface 
type  only;  that  is,  the  concrete  below  the 
scaled  areas  appeared  to  be  sound.  Figures 
15^4  and  C  indicate  a  rather  heavy  layer  of 
surface  mortar  at  this  point  and  this  fact, 
coupled  with  the  possibility  that  the  winters 
in  this  region,  due  to  its  high  elevation,  may 
be  somewhat  more  severe  than  elsewhere  in 
western  Germany,  may  account  for  the  scaling. 
However,  in  this  connection  it  should  be  noted 
that,  according  to  weather  records  as  shown 
in  table  1,  the  average  January  temperature 
at  Miinchen  was  only  slightly  lower  and  the 
annual  rainfall  only  slightly  higher  than  for 
the  more  northern  cities. 

It  has  been  stated  that  the  distress  which 
developed  on  the  Miinchen— Salzburg  section 
at  a  relatively  early  period  was  due  to  the  use 
of  inferior  aggregate.  A  chip  sample  (No.  5 
in  table  2)  taken  at  the  approximate  location 
shown  in  figure  \5A  did  not,  however,  reveal 
the  presence  of  an  appreciable  amount  of 
inferior  material,  although  the  petrographer 
did  indicate  that  the  coarse  aggregate  in  this 
sample  was  an  "altered  granite."     Just  how 


much  the  generally  poor  subgrade  conditions 
in  this  area,  or  other  factors,  may  have  con- 
tributed to  the  scaling  is  not  known. 

Only  isolated  scaled  areas,  all  of  the  surface 
type,  were  noted  elsewhere  on  the  system. 
Figure  15D  is  a  detail  of  a  local  scaled  area 
on  the  Frankfurt-Stuttgart  section,  a  few 
miles  south  of  Frankfurt.  From  the  stand- 
point of  general  condition  this  is  one  of  the 
poorest  sections  on  the  autobahnen.  As 
previously  noted,  considerable  spalling  at 
joints  (see  fig.  lit)  has  also  developed  on  this 
section.  Figure  15B  is  a  detail  showing  a  thin 
surface  scale  on  the  Hannover-Ruhr  section, 
about  30  miles  east  of  the  Bad  Oeynhausen 
interchange.  This  pavement,  as  well  as  many 
other  portions  of  the  system,  had  evidently 
been  sprayed  with  bituminous  material  at 
some  time,  probably  for  camouflage  purposes. 
The  scale  here  is  not  deep  enough  to  affect 
the  riding  quality  of  the  surface. 

Incipient  disintegration  of  the  concrete,  as 
revealed  by  the  formation  of  so-called  D 
lines  along  the  edges  of  the  pavement  and 
along  joints,  was  found  at  only  one  place  on  the 
system;  a  point  on  the  Miinchen-Salzburg 
section  where  the  worst  scaling  was  found. 
The  D  lines  in  this  case  were  found  along  the 


outside  (north)  lane  and  were  very  fine.  The 
condition  is  shown  in  figures  IbE  and  F.  In 
the  United  States,  cracks  of  this  type  have 
come  to  be  associated  with  the  beginning  of 
disintegration  due  to  accelerated  weathering. 
The  general  freedom  of  the  motor  roads 
from  scaling  and  other  troubles  associated 
with  severe  weathering  may  be  attributed  to 
the  following  factors,  the  listing  not  necessar- 
ily being  in  order  of  importance: 

1.  The  general  excellent  quality  of  the 

aggregates. 

2.  The  low  water-cement  ratio  (usually 

0.45  or  less,  by  weight). 

3.  The  practice  of  designing  mixtures  and 

compacting  concrete  in  such  a  man- 
ner as  to  avoid  the  formation  of  a 
heavy  surface  layer  of  mortar. 

4.  The  comparatively  mild  winters. 

5.  The  fact  that  chloride  salts  were  not 

used  for  ice  removal. 

6.  Thorough  curing. 

The  possible  influence  of  all  of  these  factors 
is  fairly  obvious.  The  role  of  the  cement  is 
not  so  apparent.  According  to  Swayze's  re- 
port, the  cements  used  in  the  autobahnen  were 
distinctly  inferior  to  those  manufactured  in 
this  country.  However,  the  concrete  is  good 
and  from  this  fact  we  can  conclude  at  least 
that  it  is  possible  to  make  good  concrete  with 
the  German  cements  provided  the  other  con- 
ditions are  right.  Whether  these  cements 
would  perforin  any  better  than  the  American 
cements  under  conditions  that  prevail  in  the 
northern  part  of  the  United  States  is  another 
matter.  An  intensive  research  program  would 
be  necessary  to  answer  this  question. 

PART  IV.— SUMMARY  AND 
»  RECOMMENDATIONS 

As  mentioned  in  the  body  of  this  report, 
the  comparatively  light  traffic  on  the  German 
motor  roads,  particularly  as  regards  the  move- 
ment of  heavily  loaded  vehicles,  as  well  as 
the  comparatively  mild  climate,  make  com- 
parisons with  the  performance  of  concrete 
pavements  in  this  country  difficult.  This  is 
especially  true  if  we  attempt  to  compare  the 
German  primary  roads  with  the  heavy-duty 
concrete  pavements  of  the  industrial  States 
of  the  north  and  middle  west.  Many  of 
these  roads  undoubtedly  carry  a  far  heavier 
volume  of  truck  traffic  than  any  of  the  motor 
roads  in  Germany.  The  question  therefore 
is:  How  would  the  German  roads  perform 
under  similar  climatic  and  traffic  conditions? 
It  is,  of  course,  impossible  to  say  definitely. 
However,  it  is  the  authors'  opinion  that  these 
two  factors — the  low  volume  of  heavy  truck 
traffic  and  the  relatively  mild  climate — prob- 
ably account  for  the  comparative  freedom  of 
the  German  motor  roads  from  structural 
defects  and  that,  under  comparable  climatic 
and  traffic  conditions,  the  structural  perform- 
ance of  the  German  roads  would  be  about  the 
same  as  the  average  concrete  pavement  in 
this  country.  This  opinion  is  borne  out  by 
the  fact  that  structural  failures  such  as  joint 
spalling,  faulting,  etc.,  were  found  to  be  more 
numerous  and,  in  general,  more  serious  on 
sections  of  the  system  where  the  indications 
pointed  to  the  heaviest  traffic. 
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In  this  opinion,  the  authors  also  recognize 
the  beneficial  effect  of  using  a  layer  of  granular 
material  under  the  pavement,  particularly 
with  respect  to  the  control  of  mud  pumping 
at  joints,  a  condition  which  was  not  found 
anywhere  on  the  system. 

The  quality  of  the  German  concrete  was 
excellent.  Although  the  design  strengths 
not  unusually  high  as  compared  to  standards 
in  use  in  the  United  States,  the  indications 
were  that  a  high  degree  of  uniformity  was 
obtained.  This  may  possibly  be  due  to  the 
care  used  in  proportioning  mixes,  as,  for  ex- 
ample, the  use  of  several  sizes  of  aggregate 
and  the  practice  of  limiting  the  maximum  size 
in  the  top  course  to  about  1  inch.  Reference 
was  also  made  to  the  general  absence  of  the 
relatively  heavy  mortar  top  which  we  see  so 
often  on  our  roads,  and  to  the  fact  thai  this 
might  have  reduced  the  tendency  to  scale. 
It  is  believed  that  the  principle  of  consolidat- 
ing the  pavement  slab  by  vibration  is  good 
although,  in  the  authors'  opinion,  the  Ger- 
mans may  have  gone  too  far  in  their  effort  to 
use  excessively  dry  concrete.  This  is  indica  ted 
by  the  rather  rough  surface  with  occasionally 
noted  evidence  of  grinding  off  of  high  spots. 
However,  the  principle  of  using  as  dry  a  mix 
and  as  low-sanded  a  mix  as  can  be  consolidated 
properly  by  the  effective  use  of  vibratory 
equipment  is  good  and,  in  the  authors'  opinion, 
should  be  encouraged  in  this  country. 

The  uniformly  excellent  durability  of  the 
concrete  is  probably  also  due,  in  part  at  least, 
to  the  excellent  quality  of  the  aggregates 
generally  used.  This  is  also  a  factor  to  which 
we  might  give  more  consideration  in  the 
United  States. 

The  probable  influence  of  long  continued 
and  thorough  curing  also  should  not  be  ig- 
nored. Whether  the  elaborate  precautions 
for  protecting  the  fresh  concrete  from  sun  or 
wind  were  always  necessary  is  problematical. 
However,  the  practice  of  thorough  water 
curing,  although  old-fashioned  in  terms  of 
modern  American  practice,  is  still,  in  the 
opinion  of  the  authors,  the  preferred  method. 

The  survey  revealed  nothing  regarding 
cement  except  that,  regardless  of  the  quality 
of  the  cement  used,  the  quality  of  the  concrete 
was  excellent;  and  also  the  fact  that  concrete 
containing  Eisenportland  (portland-blast- 
furnace  slag  cement)  was,  on  the  average,  as 
good  as  concrete  containing  straight  portland 
cement.  Although  it  was  impossible  to  de- 
termine on  just  what  portions  of  the  auto- 
bahnen the  Eisenportland  was  used,  it  was 
stated  to  have  been  used  on  about  one-third 
of  the  total  mileage.     This  fact  would  seem 
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Figure  15. — (A-D)  Surface  scale  occurred  commonly  on  the  Miinchen-Salzburg  route 
but  only  isolated  cases  acre  observed  elsewhere.  (E,  K)  Incipient  disintegration, 
revealed  by  D  lines,  tcasfounil  only  at  one  place  on  the  \\  stem. 


to  warrant  the  statement  that  its  performance 
was  satisfactory. 

Recommendations 

As  the  result  of  their  examination  of  con- 
crete pavements  on  the  German  motor-road 
system  the  authors  recommend  that  steps  l>e 
taken  to  initiate  a  comprehensive  program  of 
research  on  each  of  the  following  subjects: 

1.  Study  of  the  possibility  of  insuring 
greater  uniformity  in  pavement  concrete  by 
reducing  the  maximum  size  of  the  coarse 
aggregate. 

2.  Development  of  more  effective  methods 
of  compacting  concrete  in  pavements  by  me- 
chanical means,  such  as  vibration,  tamping, 
etc. 


3.  Study  of  the  effects  of  variations  in  the 

chemical  composition  of  cements  and  the 
methods  of  manufacturing  cements  on  the 
properties  of  concrete.  In  this  work  the 
authors  would  go  considerably  outside  the 
range  in  composition  and  fineness  dow  being 
studied  under  the  program  of  the  "Long- 
time Btudj  of  cement  performance  in  con- 
."  I!  Work  of  this  nature  should  lie 
carried  out  by  the  manufacturers  and  might 
well  be  accomplished  by  an  extension  of  the 
enl    program    of    the    long-time    stud 

cover  these  \  ■•"  ial 


it  For  a  description  of  this  project,  see  I'roaresr  in  thr  long- 
time study  of  cement  performance  in  concrete,  by  K.  R.  McMil- 
lan; Proceedings  of  the  American  Concrete  Institute,  vol.  13. 
No.  5,  April  1942. 
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Analysis  of  Rectangular  Reinforced  Concrete 

Sections  Subjected  to  Direct  Stress 

and  Bending  in  Two  Directions 


by  DAVID  M.  GOODALL,  Associate  Highway  Bridge  Engineer 
Public  Roads  Administration,  Division  8 


The  problem  of  determining  the  unit 
stresses  in  a  reinforced  concrete  section 
subjected  to  direct  stress  and  bending  in 
two  directions  often  occurs  in  the  analysis  of 
continuous  frames,  and  a  solution  that 
simplifies  the  work  and  removes  some  of  the 
drudgery  is  indeed  welcome.  The  method 
presented  in  this  article  is  an  improvement 
over  procedures  now  being  used  since  it 
eliminates  one  of  the  variables — the  slope 
of  the  neutral  axis  of  the  section — at  an 
early  stage.  The  slope  is  determined  within 
a  close  degree  of  correctness,  with  fairly 
simple  calculations,  by  first  considering  the 
entire  area  of  the  cross  section  as  effective. 

ALTHOUGH  a  wealth  of  material  has  been 
-£*-  presented  to  the  engineering  profession 
on  the  subject  of  direct  stress  and  bending  in 
reinforced  concrete  sections,  most  of  the  data 
presently  available  are  limited  to  the  special 
case  of  the  general  problem;  i.  e.,  direct  stress 
plus  bending  in  only  one  direction.  The  more 
general  problem,  direct  stress  plus  bending  in 
two  directions  along  axes  90  degrees  apart, 
has  been  treated  in  general  terms  only  by  Cross 
and  Morgan,1  2  and  more  specifically  by 
Saville.3  The  standard  specifications  of  the 
American  Association  of  State  Highway 
Officials  4  gives  the  general  equation  for 
determining  the  position  of  the  neutral  axis 
for  the  general  case,  but  this  equation  is  not 
very  helpful  without  a  knowledge  of  how  to 
apply  it. 

The  problem  of  determining  the  unit  stresses 
in  a  reinforced  concrete  section  subjected  to 
bending  and  direct  stress  in  two  directions 
occurs  rather  frequently  in  practice.  Every- 
day examples  of  this  problem,  among  many 
others,  are  building  columns  in  ordinary  beam- 
and-girder  construction  with  bending  induced 
by  girders  in  two  directions  framing  into  the 

1  The  column  analogy,  by  Hardy  Cross;  University  of 
Illinois  Engineering  Experiment  Station  Bulletin  No.  215; 
October  1930. 

s  Continuous  frames  of  reinforced  concrete,  by  Hardy  Cross 
and  N.  D.  Morgan;  John  Wiley  &  Sons;  1932. 

3  A  naltizing  non-homogeneous  sections  subjected  to  bending 
and  direct  stress,  by  W.  G.  S.  Saville;  Civil  Engineering,  vol. 
10,  No.  3,  March  1940:  p.  170. 

<  Standard  specifications  for  highway  bridges  (19U) ;  American 
Association  of  State  Highway  Officials. 


columns,  open-framed  bridge  bents  and  abut- 
ments in  continuous  construction  with  bending 
induced  by  longitudinal  girders  and  transverse 
cross  beams,  and  the  single  column  or  umbrella- 
type  bridge  pier  with  bending  induced  by 
longitudinal  girders  and  the  transverse  cross 
beam  at  the  top  of  the  pier.  While  the  analy- 
sis of  members  of  this  type  is  not  particularly 
difficult,  it  is  rather  long  and  involved.  The 
purpose  of  this  article  is  to  demonstrate  the 
method  outlined  by  Cross  by  applying  it  to  a 
specific  example,  and  to  show  the  general 
applicability  of  the  method.  Suggestions  for 
helping  the  designer  to  make  more  reasonable 
assumptions  in  the  first  trial  and  thus  reduce 
the  number  of  solutions  required  to  bring  the 
assumed  and  actual  positions  of  the  neutral 
axis  to  sufficiently  close  agreement  are  also 
given.  The  reader  is  referred  to  Cross's  works 
for  the  derivation  of  the  formulae  employed. 

NOTATION 

The  notation  used  in  this  article  is  for  the 
most  part  standard  and  is  as  follows: 

a  is  the  area,  in  square  inches,  of  a  portion 
of  the  section.  In  the  case  of  the  steel  rein- 
forcing, it  is  the  transformed  area  of  the  steel 
in  terms  of  the  concrete. 

A  is  the  total  effective  area  of  the  section, 
including  the  transformed  area  of  all  rein- 
forcement. 

X  and  Y  axes  are  the  coordinate  axes  chosen 
to  compute  the  properties  of  the  section .  These 
axes  may  pass  through  any  desired  point,  but 
should  be  chosen  so  as  to  simplify  the  fcalcula- 
tions  of  the  section  properties.  In  general, 
these  X  and  Y  axes  are  not  through  the  center 
of  gravity  of  the  effective  cross  section. 

x  and  y  are  the  coordinates  of  any  point 
referred  to  the  X  and  Faxes  arbitrarily  chosen 
to  compute  the  section  properties,  as  defined 
above. 

ax  and  ay  are  the  products  of  the  elementary 
areas  and  the  coordinates  of  the  center  of 
gravity  of  those  areas  referred  to  the  X  and  Y 
axes.  These  products  are  really  the  statical 
moments  of  the  elementary  areas  about  the 
X  and  Y  axes. 

Ivv  —  ax  2Jriyv.  This  value  is  the  moment  of 
inertia  in  inches4  of  the  effective  area  of  the 


cross  section  (including  the  transformed  area 
of  the  reinforcement)  about  the  Y  axis.  It  is 
computed  by  summing  the  moments  of  inertia 
of  the  several  elementary  areas  obtained  by  the 
familiar  transfer  axis  theorem,  i.  e.,  the  pro- 
duct of  the  elementary  area  and  the  coordi- 
nate x  to  its  center  of  gravity  squared,  plus 
the  moment  of  inertia  of  the  area  about  the 
y  axis  through  its  own  centroid. 

Ixx  —  ayiJrixx.  This  value  is  the  moment  of 
inertia  in  inches4  of  the  effective  area  of  the 
cross  section  (including  the  transformed  area 
of  the  reinforcement)  about  the  X  axis.  It  is 
computed  by  summing  the  moments  of  inertia 
of  the  several  elementary  areas  obtained  by 
the  transfer  axis  theorem,  i.  e.,  the  product  of 
the  elementary  area  and  the  coordinate  y  to 
its  center  of  gravity  squared,  plus  the  moment 
of  inertia  of  the  area  about  the  x  axis  through 
its  own  centroid. 

lzv  =  axyJrizv.  This  value  is  the  product  of 
inertia  in  inches4  of  the  effective  area  of  the 
cross  section  (including  the  transformed  area 
of  the  reinforcement)  about  the  X  and  Y  axes. 
It  is  computed  by  summing  the  products  of 
inertia  of  the  several  elementary  areas  ob- 
tained by  multiplying  the  elementary  area  by 
the  coordinates  x  and  y  of  its  center  of  gravity, 
plus  the  product  of  inertia  of  the  elementary 
area  about  the  x  and  y  axes  through  its  own 
centroid.  In  dealing  with  rectangular  sec- 
tions, or  irregular  sections  bounded  by  straight 
lines,  the  elementary  area  will  be  either  a 
rectangle  or  a  triangle  or  a  combination  of 
both.  For  any  rectangular  section,  i'xv  —  0. 
For  any  triangular  area  about  x  and  y  axes 
through  its  center  of  gravity  and  parallel  to 


the  base  and  altitude  of  the  triangle,  ixv= 


:T2' 


where  b  and  h  represent  the  base  and  altitude, 
respectively,  of  the  triangle.  The  product  of 
inertia  of  a  triangle  will  be  positive  in  sign  if 
its  hypotenuse  slopes  downward  to  the  left  and 
negative  in  sign  if  its  hypotenuse  slopes  down- 
ward to  the  right,  as  indicated  in  the  sketch 
below. 


PLUS 
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Muv=Px  and  Mzz—Py.  These  values  are 
the  applied  moments,  in  inch  kips,  about  the 
X  and  Y  axes.  They  are  computed  as  the 
product  of  the  direct  load  P  and  the  coordinate 
x  or  y  of  its  point  of  application. 

X„  and  Y0  axes  are  the  coordinate  axes 
parallel  to  the  X  and  Y  axes  first  chosen  to 
compute  the  properties  of  the  section  but 
passing  through  the  center  of  gravity  of  the 
total  effective  area  A. 


Xo,     Vo,     *z0z0,     *v0v0' 


Mz 


M«o» 


These  values  are  the  section  properties  and  the 
applied  moments  [referred  to  the  Xa  and  Y0 
axes. 

The  following  values  are  the  section  proper- 
ties about  the  X0  and  Y0  axes  through  the 
center  of  gravity  of  the  effective  area  A  but 
corrected  for  the  dissymmetry  of  the  section: 

/'  =/  —  7 


/'.  =  /, 


'•«s, 


hi 


M'  =M        —M 


ov o  *ozo 


M'  =M        —M  z"Va 


The  equation  that  follows  is  that  of  the 
neutral  axis  or  line  of  zero  stress  referred  to 
axes  X0  and  Yot  and  coordinates  x  and  y  in 
this  equation  are  also  measured  from  axes  X0 
and  Y0: 


P,M\        W_ 

A+  j,     X+   j, 


y  =  Q. 


Xn  and  Yn  are  the  distances  from  the  neu- 
tral axis  to  the  extreme  fibers  of  the  section, 
measured  parallel  to  the  X0  and  Y0  axes. 

/  is  the  fiber  stress  at  any  point  and  is  equal 
to 


11       I  n  Or     ji       An 


/,  and  /,  are  the  unit  stresses,  in  pounds  per 
square  inch,  in  the  concrete  and  steel, 
respectively. 

METHOD  OF  ANALYSIS 

To  compute  the  unit  stresses  in  a  rectan- 
gular reinforced  concrete  section  subjected  to 
bending  moments  in  two  directions  and  direct 
stress  the  designer  should  proceed  as  follows 
(it  is  assumed  that  a  trial  section  complete 
with  reinforcement  has  been  tentatively 
selected  for  analysis  and  this  section  drawn 
accurately  to  scale) : 

1.  Estimate  the  position  of  the  neutral  axis 
of  the  section.  This  estimate  of  the  position 
of  the  neutral  axis  requires  judgment  and  ex- 
perience since  it  involves  drawing  a  line  on  the 
sketch  of  the  section  with  position  and  slope 
unknown.  Moreover,  since  the  succi  i 
calculations  are  rather  lengthy,  an  inordinate 
amount  of  time  may  be  spent  in  obtaining 
sufficiently  close  agreement  between  the  as- 
sumed and  the  computed  positions  of  the 
neutral  axis  unless  the  position  first  selected 


is  approximately  correct.  It  has  been  found 
that  one  variable,  the  slope  of  the  actual 
neutral  axis,  may  be  determined  quite  accu- 
rately by  first  considering  the  entire  area  of 
the  cross  section  as  effective  (which  is  equi- 
valent to  assuming  that  the  concrete  takes  its 
full  share  of  the  tension  induced  by  the  bend- 
ing moments)  and  computing  the  position  of 
the  neutral  axis  on  this  basis.  The  slope  of 
the  final  neutral  axis  will  be  found  to  deviate 
only  slightly  from  the  slope  of  this  fictitious 
neutral  axis. 

It  is  recommended,  then,  that  the  first  step 
in  the  solution  consist  of  computing  the  loca- 
tion of  this  fictitious  neutral  axis,  considering 
the  entire  transformed  area  of  the  section 
effective,  and  plotting  it  upon  the  sketch. 
The  first  trial  neutral  axis  for  the  cracked 
section  should  then  be  drawn  parallel  to  this 
fictitious  neutral  axis  and  on  the  compression 
side  of  the  section  from  it.  Thus  one  variable 
has  been  eliminated.  Also,  if  the  stresses  on 
the  tension  side  of  the  section  when  computed 
considering  the  concrete  to  take  tension  are 
moderate,  say  150  p.  s.  i.  or  less,  it  will  be 
unnecessary  to  proceed  with  the  more  exact 
calculation.  The  remaining  variable,  the 
distance  from  the  fictitious  neutral  axis  of 
the  entire  section  to  the  assumed  trial  neutral 
axis  of  the  cracked  section,  will  depend  upon 
the  eccentricity  of  the  direct  load,  and  must 
be  estimated  based  upon  the  amount  of  this 
eccentricity. 

2.  The  trial  neutral  axis  of  the  cracked 
section  having  been  selected,  the  designer 
proceeds  to  the  calculation  of  the  section 
properties  about  some  convenient  pair  of 
axes.  These  quantities  should  preferably  be 
tabulated,  using  some  form  similar  to  that 
shown  later  on  in  this  article.  After  all  of 
the  section  properties  have  been  computed, 
tabulated,  and  totaled,  they  must  then,  in 
general,  be  corrected  for  two  factors:  First, 
they  must  be  reduced  to  the  X0  and  Y0  axes 
passing  through  the  centroid  of  the  cracked 
section  and  parallel  to  the  arbitrarily  chosen 
X  and  Y  axes  used  for  computation  purposes; 
and  second,  they  must  be  corrected  for  the 
dissymmetry  of  the  section. 

3.  The  position  of  the  centroid  of  the 
cracked  section  is  found  by  dividing  the  sum 
of  the  statical  moments  of  the  elementary 
areas  about  the  X  and  Y  axes  by  the  area  .  1 , 

the  sum  of  the  elementary  areas.     Thus  ]>^  -r 

and  ^^  ~~X  w1^  S've  xc  and  yc,  the  coordinates  of 

the  centroid  of  the  cracked  section  measured 
from  the  X  and   Y  axes.     The  corrections  to 
the  quantities  /„„,  /,„  and  Izu  are  respectively 
Axc2,  Ayc2,  and  Axcyc,  and   are  always  sub- 
tracted   algebraically    from    the    summations 
about    the    axes    X    and    F.     Likewise,    the 
corrections  to  be  applied  to   Afyu  and    Mxr 
are,    respectively,     Pxc    and    Pyc    and    are 
also   always    subtracted    algebraically.     The 
values    after    these    corrections     ha 
made    repre  ent    the   section    properties 
applied   moments  about  the  X0  and    )"„  B 
and  are  the  quantities  /„„„„,  lz„r0,  Ix,v0,  ^y0y0, 

I.  The  second  ami  last  series  of  corrections 


to  be  applied  to  the  quantities  enumerated 
in  the  last  sentence  of  the  preceding  para- 
graph are  the  corrections  for  the  dissymmetry 
of  the  section.  The  corrections  to  be  applied 
to  lv0va  and  IXoZ%  are 

/  ^'OKO  ,      J  'I0"0, 

1  io»o  7 and  l  i0"o  j 

respectively,  and  are  always  subtracted  alge- 
braically from  IUoyo  and  /I(>1„,  giving  the  final 
quantities  /'„  and  V z.  The  corrections  to  be 
applie'i  to   WUoye  and  Mz,Zo  are 


1  zo"o  — —  u'i. 


/*„ 


1  1 


respectively,  and  are  subtracted  algebraically 
from  MUoVo  and  MZ()Zo,  giving  the  final  quan- 
tities M'„  and  M's. 

5.  The  equation  of  the  neutral  axis  is  then 

P,M'V     ,M'Z 

After  substituting  the  numerical  values  in  this 
equation  and  simplifying,  the  intercepts  of  the 
neutral  axis  on  the  sides  of  the  section  are 
obtained  by  placing  values  of  x  and  ;/,  the 
coordinates  of  the  sides  of  the  section  mea- 
sured from  the  XB  and  Y0  axes  in  the  equation, 
and  computing  the  resulting  values.  These 
values  are  then  compared  with  the  actual 
values  of  the  assumed  position  of  the  neutral 
axis.  If  the  agreement  is  reasonably  close, 
say  within  approximately  1  inch,  no  further 
trials  will  be  necessary.  If,  however,  the 
computed  and  actual  intercepts  of  the  neutral 
axis  on  the  sides  of  the  section  differ  by  more 
than  about  1  inch,  then  a  new  trial  neutral 
axis  should  be  selected  and  the  entire  process 
thus  far  described  repeated. 

6.  When  the  designer  has  a  solution  wherein 
the  computed  and  assumed  positions  of  the 
neutral  axis  agree  within  the  limits  of  error 
desired,  all  the  data  will  be  available  for  com- 
puting the  actual  stresses  in  the  steel  and 
concrete.  The  general  equation  for  the  stress 
/is: 


l/' 
f=-     z  Y 


or  /=-77-  X\ 


If  the  sketch  has  been  accurately  drawn  to 
scale,  the  values  of  Y„  or  A'„  may  be  scaled. 
If  computed  values  are  desired,  they  may  be 
found  by  solving  the  geometric  figures  com- 
posing the  sketch,  or  they  may  be  computed 
by  substituting  the  proper  values  into  the 
general  equation  for  the  neutral  axis.  A'„ 
and  y„  may  be  the  distances,  measured  paral- 
lel to  the  A'„  and  Y„  axes,  to  any  point  where 
the  stresses  are  desired.  However,  the  maxi- 
mum stress  values  for  the  concrete  and  steel 
are    usually    the    only    values    in    which    the 

■iier    is     interested.       Accordingly,     the 
maximum  distances  A'„  and   )'„,  when  sul 
luted  in  the  equations  for  stress  given  al 
will  give  the  maximim  desired.    The 

IS  in  the  steel  is  found,  of  course,  by 
multiplying  the  stress  computed  from  the 
equation  at  the  beginning  of  this  paragraph 
by  the  value  of  n  for  the  com  igth 

being  used. 
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Figure  1. — Scale  drawing  of  section  analyzed  in  example. 


APPLICATION  TO  AN  EXAMPLE 

In  illustration  of  the  analysis  process,  a 
specific  example  has  been  assumed  and  followed 
through,  step  by  step. 

Step  1.  Make  a  scale  drawing  of  the  section 
for  which  the  stresses  are  to  be  computed,  as 
shown  in  figure  1.  The  assumed  A'  and  Y 
axes  are  included  in  the  drawing.  The  three 
neutral  axes  shown  in  figure  1  are  not  drawn 
as  part  of  the  original  sketch,  nor  are  axes  X0 
and  Yot  since  their  positions  are  determined  by 
the  calculations  that  follow. 

Step  2.  The  values  of  P,  Mxx,  and  Mtt„, 
shown  in  figure  1,  are  known.  From  these 
values  the  distances  x  and  y  from  the  X  and  Y 
axes  to  the  point  of  application  of  the  load  are 
computed  as  follows: 


Step  4-  Compute  /„„  about  the  Taxis  which 
was  chosen  through  the  centroid  of  the  total 
area: 

Concrete  =  57>^033  =  5,190,400. 

Steel  =  summation  of  ay2,  with  a  =  10  for 
each  bar: 

16X10X482  =368,600 
4X10X41.62=  69,200 
4X10X35.22=  49,600 
4X10X28.82=  33,200 
4X10X22.42=  20,100 
4X10X16.02=  10,200 
4X10X  9.62=  3,700 
4X10X   3.22=        400 


Myy_  1,926 
:    P       1,126 


X  12  =  20.5  inches. 


Mxx     2,436 
^  =  ^F==U26X12: 


=  26.0  inches. 


Step  3.  Compute  Ixz  about  the  X  axis  which 
was  chosen  through  the  centroid  of  the  total 
area: 

_          ,       bh*     103 X573        _OQ  „_n 
Concrete  =  To  = 12 —  =  1>^89,600. 

Steel  (44  1-inch  squares)  =summation  of  ay2 
(the  transformed  area  of  each  ba.r  =  nA„  and 
for  n=10,  each  bar  is  equivalent  to  10  X  1  =  10 
square  inches  of  concrete): 

32X10X25.22  =  203,200 
4X10X18.02=  12,900 
4X10X10.82=  4,700 
4X10X   3.62=         500 


Total  =  221,300 
Total  /«  =  1,589,600 +  221, 300  =  1,810,900. 


Total  =  555,000 

Total  7^  =  5,190,400  +  555,000  =  5,745,400. 

Step  5.  Compute  total  area: 
A  =  103X57  +44X10=  6,311  square  inches. 

Step  6.  Compute 

f-P  ,  M,v        Mxx 

J—  a±  i    x±-  j    y 

XI  1  yy  *  XX 

1,126,000     1,926,000X12 
6,311     ±     5,745,400     X 

2,436,000X12  . 

°L'0±      1,810,900      X    b-° 

=  178  +  207  +  460. 
Then: 

/  at  point  A=  +845 
/at' point  B=+431 
/at  point  C=-489 
/  at  point  D=  —  75. 

Step  7.  Compute  the  location  of  the  neutral 

axis: 

75 
Along  side  DA  from  point  D  =  =wrX57  = 

4.6  inches. 


489 
Along  side  CB  from  point    C=Q2fjX57  = 

30.3  inches. 

These  calculations  locate  the  fictitious 
neutral  axis  with  the  entire  section  assumed 
effective.  This  fictitious  neutral  axis  is  drawn 
on  the  sketch,  as  shown  in  figure  1. 

Step  8.  An  assumed  neutral  axis  for  the 
cracked  section  is  now  selected  and  drawn  on 
the  sketch  (see  fig.  1),  parallel  to  the  fictitious 
neutral  axis  and  on  the  compression  side  of  the 
section  from  it.  The  section  properties  of  the 
trial  neutral  axis  as  related  to  the  X  and  Y 
axes  are  computed,  tabulated,  and  totaled  as 
shown  in  the  first  four  lines  of  figure  2.  The 
entries  in  the  first  line  are  for  the  steel  rein- 
forcement, while  those  in  the  second  and  third 
lines  are  for  the  concrete,  considered  as  a 
rectangle  and  a  triangle  which,  combined, 
include  the  total  area  of  the  cracked  section. 

It  will  be  observed  that  ax  and  ay  for  the 

steel  are  zero  because  of  the  symmetry  of  the 

section.     Values  of  Ivv  and  Ixx  for  the  steel 

are  the  same  as  those  computed  in  steps  3  and 

4  for  the  uncracked  section.     The  values  ixv 

and  axy  for  the  steel  are  zero  because  of  the 

symmetry   of  the  reinforcement.     Values   of 

ivy  and  ixx  for  the  triangular  section  of  the 

concrete  are  moments  of  inertia  of  the  triangle 

bh3 
about  its  own  centroidal  axes,  and  are-^r  and 

hb3 

-^tt-     The  value  of  ixy  for  the  triangle  is  com- 


puted as 


72' 


with    the   sign    determined   as 


previously  explained. 

Step  9.  The  computed  properties  are  cor- 
rected to  the  centroid  in  the  fifth  line  of  the 
tabulation  (fig.  2).     The  values  of  xc  and  yc 

,    ,       >r— \ax        ,  ^— Kay  .     , 

are  computed  as  _2_i~T  and  2—i~T>  respectively. 

The  X0  and  Y0  axes  can  now  be  drawn  on  the 
sketch  (fig.  1).  The  corrections  are  computed 
as  previously  explained,  and  are  subtracted 
algebraically  from  the  totals  in  the  line  above. 

Step  10.  In  the  last  line  of  the  tabulation 
(fig.  2) ,  corrections  for  the  dissymmetry  of  the 
section  are  made.  These  are  computed  as 
previously  explained,  and  are  subtracted 
algebraically  from  the  figures  in  the  line  above. 

Step  11.  From  the  values  computed  in  the 
tabulation,  the  equation  of  the  neutral  axis, 
previously  given,  may  be  solved  as  follows: 

1,126,000     20,760,000         16,090,000        - 


3,015 


2,567,500 


491,000 


373  +  8.09a:  +  32.7t/  =  0; 
?/+0.248a;=  — 11.4. 

For  the  assumed  trial  neutral  axis  (fig.  1), 
x  equals  +43.9  or— 59.1  and  y  equals  —22.2 
or  +3.8.  Substituting  the  values  of  x  in  the 
equation  above, 

if  a;=+43.9,  y=-22.3; 

if  z=-59.1,  t/=+3.3. 

The  computed  values  of  y  are  in  close  agree- 
ment with  the  actual  values  of  the  assumed 
position  of  the  neutral  axis,  and  no  further 
trial  is  necessary. 
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Part  of 
Section 

Area 

0 
(sq.in.) 

X 

(in.) 

(in.) 

ax 

ay 

Iyy  = 
axtt  +  lyy 

ay'+u* 

axy+ixy 

Myy* 

Px 

(in.  kips) 

Py 

Steel 

(44  l-in.sq  ,n=IO) 

440 

varies 

varies 

0 

0 

555,000 

0 

221,300 

0 

0 

0 

23, 1  10 

+  29,230 

Concrete  103"  - 
1        1= 

1,236 

0 

+22.5 

0 

1 27,8  10 

0 

1,092,700 

625,700 

14,800 

0 

0 

— 

— 

Concrete  103". 

1,339 

+17.17 

+7.83 

+22,990 

+10,490 

394,600 

789,200 

82,200 

50,300 

+179,900 

-99,600 

— 

— 

Totals 

A  = 
3,015 





+22,990 

+38,300 

949,600+1,881,900 

929,200+65,100 

+179,900-99,600 

+23,110 

+  29,230 

2,831,500 

994,300 

+  80,300 

Correct   to 
centroid 

+7.63 

+12.70 

Correction 

175,500 

486,300 

+292,300 

+8,590 

+14,300 

Corrected 
values 

2,656000 

=Iy0y0 

508,000 
=Ix0x0 

-212,000 
^x0y0 

+14,520 

+14,930 

Correction 

88,500 

17,000 

— 

-6,240 

-1,160 

correct  t 
of  tr 

e  secti 

yn  ic  1  r  y 

on 

Corrected 
values 

2,567,500 
-I'y 

491,000 

— 

+  20,760 
=My 

+16,090 

Figure  2. — Tabulation  for  analysis  of  cracked  seel  ion. 


Step  12.  The  actual  stresses  may  now  be 
computed  from  the  equation  previously  given: 

,,      .  ,       +16,090,000 

Maximum  /■==      491  00Q      X38.1 

=  +  1,250  p.  s.  i.  (compression); 


Maximum  /,= 


+  16,090,000 


X -40.3X10 


491,000 

13,200  p.  s.  i.  (tension). 


These  results  may  be  checked  by  computing 
the  intercepts  of  the  neutral  axis  on  the  top 
and  bottom  of  the  section.  The  method  of 
computation  has  been  suggested  previously. 
Using  the  values  so  calculated: 


+  20,760,000 
fc~    2,567,500      <+15d-5 


+  1,240  p.  8.  i.   (compression); 


/.= 


+  20,760,000 


X- 162.4X10 


2,567,500 
=  —  13,150  p.  s.  i.  (tension). 

These  agree  very  closely  with  the  values  com- 
puted above. 

The  discussion  and  calculations  in  this 
article  are  based  on  inch  and  pound  units,  but 
any  other  consistent  set  of  units  could  be  used. 
Theoretically,  the  area  of  the  reinforcement 
embedded  in  the  concrete  on  the  compression 


side  of  the  section  should  be  multiplied  by 
(n  —  1)  instead  of  n  in  computing  its  trans- 
formed properties,  but  this  refinement  is  con- 
sidered of  negligible  importance. 

The  designer  who  will  study  the  explana- 
tions and  example  that  have  been  presented 
should  have  no  difficulty  in  applying  the  gen- 
eral method  to  his  own  particular  problems. 
As  suggested  by  Saville,  this  method  maj 
be  applied  to  a  variety  of  problems,  including 
the  computation  of  foundation  pressures  when 
the  foundation  is  composed  of  materials  having 
widely  different  supporting  powers,  and  when 
overturning  moments  are  applied  in  more  than 
one  direction. 
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The  Effect  of  Characteristics  of  Asphalts  on 
Physical  Properties  of  Bituminous  Mixtures 
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Laboratory  tests  on  a  particular  bitumi- 
nous mixture  and  a  review  of  otiier  investi- 
gations of  the  physical  properties  of  bitumi- 
nous mixtures  indicate  that  these  physical 
properties  can  be  correlated,  before  and 
after  accelerated  or  natural  weathering, 
with  the  characteristics  of  the  contained 
binder.  Changes  occurring  in  the  binders 
of  asphaltic  mixtures  that  influence  the 
durability  of  pavements  under  service  con- 
ditions can  be  measured  directly  by  tests  on 
the  bitumen  recovered  from  the  mixtures, 
or  indirectly  by  the  changes  in  the  physical 
properties  of  the  mixtures. 

IN  RECENT  years  many  investigations  have 
been  made  dealing  with  the  durability  of 
various  types  of  pavements  in  which  asphaltic 
materials  have  been  used  as  binders.  Two 
general  methods  of  attack  have  been  followed 
in  these  investigations: 

1.  Study  of  the  physical  properties  of 
asphaltic  mixtures  and  correlation  of  these 
properties  with  durability.  Compressive 
strength,  flexural  strength,  shear  resistance, 
impact,  Hubbard-Field  stability,  abrasion, 
and  other  tests  have  been  used  by  various 
investigators  as  a  means  of  studying  the 
physical  properties  of  mixtures.  Some  of  the 
studies  were  made  on  representative  samples 
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taken  from  pavements,  their  physical  prop- 
erties determined  by  one  or  more  of  the  above 
tests,  and  the  results  correlated  with  pave- 
ment condition.  Other  studies  have  been 
made  on  laboratory-prepared  mixtures  and 
their  physical  properties  determined  before 
and  after  subjecting  to  various  accelerated 
weathering  tests. 

2.  Study  of  the  characteristics  of  asphaltic 
binders  before  and  after  exposure  to  laborai  >i  \ 
oxidation  tests  or  to  actual  service  conditions 
and  correlation  of  the  test  results  with  pave- 
ment durability.  Some  investigators  have 
studied  the  durability  problem  by  recovering 
the  asphaltic  binders  from  pavements  and 
correlating  the  characteristics  of  the  asphalt 
with  service  behavior.  Other  studies  have 
been  made  by  determining  the  effect  of 
laboratory  oxidation  tests  on  the  asphaltic 
material  itself  and  comparing  the  character- 
istics of  the  residues  with  those  of  the  original 
material. 

A  review  of  published  literature  on  the 
study  of  the  durability  of  asphaltic  materials 
reveals  that  there  has  been  little  attempt   to 


correlate  the  physical  properties  of  bitum- 
inous mixtures  with  the  characteristics  of 
the  bitumen  contained  therein.  Vokac 
(16,  17)  '  made  a  comprehensive  study  of 
the  correlation  of  physical  tests  with  service 
behavior  and  was  able  to  evaluate  pavement 
condition  by  certain  characteristics  of  com- 
pressed specimens.  lie  also  found  that  char- 
acteristics of  the  asphalts  recovered  from 
mixtures  could  be  correlated  witli  pavement 
condition.  Ilillman  (3)  has  shown  that  the 
Hubbard-Field  stability  of  sand-asphalt  mix- 
tures is  dependent  upon  the  consistency  of  the 
contained  bitumen  at  the  test  temperature 
and  that  the  relationship  varies  for  diffi  ! 
asphalts.  His  work  was  done  only  on  un- 
weathered  mixture-.  Raschig  and  Doyle  (//) 
in  studying  the  flexural  strength  of  asphaltic 
pavements  concluded  that  the  penetration  and 
lily  of  the  asphall  in  the  mixture  had  the 
greatest  influence  on  the  modulus  of  elasticity 
and  modulus  of  nipt  ure. 


1  Italic  numbers  in  parentheses  refer  to  the  bibliography, 


T 

ible  1. — Results  of  extraction   tests 

and  analysis  of  bitumens  recovered  bef 

ore  and 

ul iir  exposure  in  weatherometet 

Mixture 
designation 

Type  of  molded 
specimen 

Time  of 

exposure  in 

weather- 

ometer 

Bitumen 
extracted 

Loss  in  weight 

Tests  on 

recovered  bitumen 

Mixture 
basis 

Bitumen 

basis 

Pem  t  rat  ion,  100  gm.,  5  sec. 

Soften- 
ing point 

Ductility.  5  em.  per  min. 

Organic 
insoluble 

in  86    li. 
naphtha 

ignition 

at 

41°  F. 

at 
59°  F. 

at 
77°  F. 

at 
95°  F. 

at 
41°  F. 

at 

50°  F. 

60°  F. 

at 

COMPOSITE  MATERIA!. 

A... 

Hubbard-Field. 

...do 

Hours 
None 
hni 
300 
900 
None 
100 
300 
900 

Percent 
6.6 
6.4 
6.2 
6.0 
r,.6 
6.4 
6.3 
5.9 

Percent 

0.18 
.29 

.42 

.12 
.18 
.33 

Percent 

2.7 
4.3 
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1.8 
3.2 
4.9 

18 
12 
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It 
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34 
22 
12 
51 
41 
24 
11 

156 
94 
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156 
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34 

71 

159 

• 

"F. 

117.0 
125.9 
141.8 

11  L>  2 
124.4 
139.3 

Cm. 
B4 
11 
5.5 

84 

20 
6.5 

Cm. 

250+ 

50 

14.5 

250+ 
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19 

Cm. 
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42 

- 
250+ 
2IH 
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21.  11 

Percent 

0.43 
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.43 
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TE 

C. 

Hubbard-Field 

do -.- 
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too 

300 

mi  „i 

\  me 

inn 

300 
900 

6.7 
6.1 
6.1 
6.9 

6.7 
6.3 
6.1 
6.0 

.20 
.29 
.42 

.13 
.22 
.33 

3.1 
4.  1 
6.6 

2.4 
3.4 
5.0 

18 

12 

"is" 

15 

50 
33 
21 
11 
50 
42 
24 
14 

158 
92 
57 
26 
158 
117 
1.7 
33 

1142 

"l68 
81 

- 
117.3 
127.  1 

111  - 

113.3 

123.5 

91 
12 

'. 

of" 

27 
6.5 

168 
78 
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30 
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Table  2. — Results  of  stability  and  compressive  load  tests  on  composite  mixture  before  and 
after  weathering,  and  penetrations  of  the  contained  asphalts  at   test   temperatures 


Weathering  of  specimens  tested  and  test  temperature 

Huhbard-Field 
stability 

Compressive 
load 

Load  l 

Penetration 

of  contained 

asphalt  at 

test 

temperature 

Load' 

Penetration 

of  contained 

asphalt  at 

test 
temperature 

Unweathered,  tested  at: 

-10°  F 

Lbs. 
17, 400  (3) 
13, 150  (3) 

0.8 
2.7 

Lbs. 
2,  275  (2)   . 

0.8 

10°  F 

25°  F 

1,  255  (2) 
700  (2) 
480  (2) 
165  (2) 
26(2) 

6.8 

16 

30 

156 

7,000 

40°  F 

7,  540  (4) 

16 

50°  F 

77°  F. 

2,  230  (4) 
350  (4) 

11,800(3) 

8,  400  (3) 
•1.  980  (3) 

560(3) 

12, 800  (3) 

9,  930  (3) 

3,  820  C3) 
715  (3) 

21,  650  (2) 
14,  850  (2) 
9,  550  (3) 
5,  030  (3) 

1.  155  (2) 

156 
7,000 

4.8 
11.5 
93 
3,300 

3.8 
7.4 
59 
1,580 

.4 
1.7 
7.6 
29 
680 

140°  F 

Weathered  100  hours,  tested  at: 

25°  F 

40°  F .__ _ 

1,  040  (2) 

335  (2) 

42(2) 

13 

117 

4,  900 

77°  F 

140°  F.__. 

Weathered  300  hours,  tested  at: 

25°  F 

40°  F 

77°  F 

140°  F 

Weathered  900  hours,  tested  at: 

-15°  F 

1,  425  (2) 
485  (2) 
68(2) 

9.3    ; 

65 
1,630 

20°  F.  .                                                             _ 

2,  640  (1) 

1,  565  (2) 

845  (2) 

125  (1) 

1.9 

8.7 
34 
840 

50°  F                                                                 

77°  F                                                             _- 

140°  F                                                                          

1  Figures  in  parentheses  indicate  the  number  of  specimens  for  which  average  values  are  given. 


These  and  other  investigations  indicate  that 
there  is  some  correlation  between  the  physical 
properties  of  asphaltic  mixtures  and  some  of 
the  characteristics  of  the  contained  binder. 
Therefore,  this  investigation  was  initiated  to 
determine  what  correlation  existed  between 
the  physical  properties  of  bituminous  mixtures 
and  the  characteristics  of  the  binder  before 
and  after  weathering,  all  testing  being  done 
under  closely  controlled  laboratory  conditions. 

CONCLUSIONS  DRAWN  FROM  STUDY 

While  this  investigation  is  not  conclusive, 
due  to  the  lack  of  data  on  the  more  standard 
types  of  asphaltic  mixtures,  the  following 
trends  were  observed  and  appear  to  be  worthy 
of  consideration  for  future  study: 

1.  The  physical  properties  of  a  given  mix- 
ture are  dependent  upon  the  consistency  of 
the  contained  asphalt  at  the  test  temperature. 

2.  The  Hubbard-Field  stability  of  a  given 
mixture  after  weathering  is  the  same  as  the 
stability  of  an  unweathered  mixture  when  the 
test  is  made  at  a  temperature  at  which  the 
contained  asphalt  has  the  same  consistency. 

3.  Test  data  from  other  investigations  indi- 
cate that  there  is  some  characteristic  of  as- 
phalts which  causes  comparable  mixtures  pre- 
pared with  different  asphalts  to  vary  in  physi- 
cal properties  even  when  the  contained  as- 
phalts are  of  the  same  consistency. 

4.  Since  the  data  from  several  investigations 
show  that  the  bitumens  extracted  from  pave- 
ments of  the  type  that  tend  to  crack  usually 
have  low  penetrations  and  ductilities  at  77° 
F.,  it  would  seem  logical  to  make  physical  tests 
on  asphaltic  mixtures  at  low  temperatures  in 
the  range  corresponding  to  these  penetrations 
and  ductilities  and  to  correlate  the  results 
with  the  properties  of  the  contained  asphalts 
at  these  temperatures. 

5.  Since  durability  of  the  asphalt  in  bitumi- 
nous mixtures  is  dependent  upon  the  changes 
occurring  in  the  asphalt  during  mixing  and 


subsequent  weathering,  those  asphalts  that 
have  the  greatest  resistance  to  change  should 
be  the  most  durable.  This  study  indicates 
that  changes  in  the  asphalt  contained  in  a 
mixture  can  be  measured  directly  by  tests  on 
the  recovered  bitumen  or  indirectly  by  changes 
in  the  physical  properties  of  the  mixture. 

6.  The  durability  of  asphaltic  pavements, 
as  influenced  by  the  consistency  of  the  asphalt, 
depends  upon  the  climatic  environment  in 
which  they  are  located.  The  critical  penetra- 
tion of  the  bitumen  at  which  pavement  crack- 
ing occurs  is  higher  in  cold  climates  than  in 
warm  climates. 

7.  Correlations  of  the  changes  occurring  in 
the  thin-film  oven  test  with  changes  in  the 
physical  properties  of  asphaltic  mixtures  and 
in  the  characteristics  of  the  contained  bitumen 
might  aid  in  the  development  of  specification 
limits  based  on  the  thin-film  oven  test  which 
would  insure  durable  asphalts. 

KENTUCKY  ROCK  ASPHALT  IDEAL  FOR 
LARORATORY  INVESTIGATION 

This  investigation  was  of  a  preliminary 
nature  and  was  of  limited  scope  since  the  test 
data  were  obtained  on  one  asphaltic  mixture 
only.  Kentucky  rock  asphalt  was  selected 
because  of  its  uniformity,  its  compactibility 
at  normal  temperatures,  and  the  reputed  high 
quality  of  its  contained  asphalt.  The  high 
penetration  of  the  asphaltic  binder  and  the 
high  percentage  of  voids  in  the  compressed 
specimens  made  this  material  especially  suit- 
able for  study  under  accelerated  weathering 
conditions.  The  ready  compactibility  of  the 
rock  asphalt  without  heating  provided  for 
uniformity  in  the  characteristics  of  the  binder 
in  the  individual  test  specimens,  and  the 
changes  incurred  during  weathering  were  not 
masked  by  changes  resulting  from  the  mixing 
and  molding  operations  that  often  produce 
erratic  results  in  weathering  tests  of  hot 
bituminous  mixtures. 


Hubbard-Field  stability  and  direct  com- 
pression were  selected  as  physical  tests  for 
this  study.  Compressed  specimens  were 
tested  before  and  after  weathering  by  ex- 
posure to  ultraviolet  light  and  heat  under 
controlled  conditions  in  a  laboratory  weather- 
ometer.  Two  series  of  tests  were  made  on 
the  rock  asphalt — one  on  the  composite 
material  as  received,  and  the  other  on  the 
portion  of  the  mixture  passing  the  No.  4 
sieve.  The  gradation  of  the  rock  asphalt  as 
received  was  as  follows: 

Percent 

Retained  on  %-inch  sieve 1.  4 

Passing  %-inch  sieve 98.  6 

Passing  No.  4  sieve 90.  8 

All  specimens  were  compressed  at  room 
temperature  under  a  load  of  3,000  pounds  per 
square  inch,  the  load  being  maintained  for  2 
minutes.  Sufficient  mixture  was  used  to  mold 
specimens  2  inches  in  diameter  by  1  inch  in 
height  for  the  Hubbard-Field  stability  test, 
and  2  inches  in  diameter  by  2  inches  in  height 
for  the  compression  test.  Volume  and  weight 
determinations  were  made  for  each  com- 
pressed specimen  and  the  density  calculated 
as  a  check  on  the  uniformity  of  compression. 
Four  sets  of  stability  and  compression  speci- 
mens were  made  for  each  of  the  two  mixtures. 
One  set  was  tested  immediately  and  the  other 
three  were  exposed  to  ultraviolet  light  and 
heat  in  a  weatherometer.  During  weathering 
the  temperature  was  maintained  at  140°  F. 
and  the  relative  humidity  at  40  to  50  percent. 
The  exposure  periods  were  100,  300,  and  9O0> 
hours.  The  specimens  were  weighed  period- 
ically and  loss  in  weight  calculated. 

Hubbard-Field  stability  and  compressive 
strength  tests  were  made  initially  at  40°  F., 
77°  F.,  and  140°  F.  on  the  unweathered  mix- 
tures. As  the  work  progressed  additional 
specimens  were  molded  and  tested  at  other 
temperatures.  The  specimens  weathered  for 
100  and  300  hours  were  tested  at  40°  F., 
77°  F.,  and  140°  F.  and  those  weathered  for 
900  hours  were  tested  at  50°  F.,  77°  F.,  and 
140°  F.  Tests  of  the  weathered  specimens 
were  also  made  at  lower  temperatures  to 
provide  a  more  complete  picture  of  the 
changes  in  strength  that  may  occur  under 
normal  climatic  conditions. 

After  testing  for  stability  and  compressive 
strength  the  bitumen  was  extracted  with  ben- 
zol and  recovered  by  the  Abson  method.  The 
stability  and  compression  specimens  were  ex- 
tracted and  recovered  separately  for  each 
mixture  and  exposure  period.  The  recovered 
bitumens  were  tested  for  penetration  and 
ductility  at  several  temperatures,  softening 
point,  organic  matter  insoluble  in  86°  B. 
naphtha,  and  ash  by  ignition.  The  results  of 
the  extraction  tests,  loss  in  weight  during  ex- 
posure, and  tests  on  the  bitumens  recovered 
from  the  mixtures  are  given  in  table  1. 

Table  2  gives  the  average  results  for  Hub- 
bard-Field stability  and  compressive  load  for 
the  composite  mixture.  As  seen  in  table  1, 
the  test  results  on  the  material  passing  the 
No.  4  sieve  were  nearly  the  same  as  those  on 
the  composite  material.  The  stability  and 
compressive  load  values,  which  are  not  re- 
ported, were  also  similar.     Therefore,  in  the 
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Figure  1.— Effect  of  test   temperature  on  penetration  of   bitumens  re- 
covered from  composite  mixture  before  and  after  weathering. 


HUBBARD-FIELD     STABILITY     \\I!III> 
WITH    II  51     I  I  MPERATI  l.'l 

The  effect  of  test  temperature  on  Hubl 
Field  stability  before  and  after  each  period  of 
weathering  is  shown  in  figure  2.  When  the 
log-stability  was  plotted  against  temperature  a 
straight-line  relation  was  found  to  exist  for 
stability  values  below  approximately  10,000 
pounds.  Further  reductions  in  test  tempera- 
ture caused  the  stabilities  to  increase  at  a 
lower  rate. 

Figure  3  shows  the  effect  of  test  tempera- 
ture on  compressive  load,  the  data  being 
plotted  in  the  same  manner  as  for  the  stability 
.  These  curves  are  straight  lines  for 
compressive  load  up  to  approximately  1,000 
pounds  where  further  reductions  in  test  tem- 
perature give  lower  rates  of  increase.  The 
\alucs  for  compressive  load  at  140°  F.  on 
the  tin  weathered  mixture  do  not  fall  on  the 
straight-line  portion  of  the  curve,  but  tl. 
probably  due  to  the  failure  of  the  compression 
machine  to  record  such  low  loads  accurately. 

The  above  data  show  the  wide  range  in  the 
strength  of  the  bituminous  mixture  which  re- 
sults from  changes  in  temperature  and  altera- 
tions due  to  exposure  and  weathering. 
pavements  constructed  of  the  same  type  of 
mixture  are  carrying  extremely  heavy  traffic 
without  showing  displacement  in  summer  or 
brittleness  in  winter. 

The  effect  of  temperature  on  the  physical 
properties  of  a  given  bituminous  mixture  can 
be  attributed  entirely  to  the  binder.  As  shown 
previously,  the  consistency  of  the  asphalt  con- 
tained in  the  stability  and  i  on  speci- 
termined  for  each  test  tempera- 
ture. To  show  the  effect  of  the  consistency  of 
the  binder  on  the  physical  properties  of  the 
unweathered  and  the  weathered  mixture,  the 


following  discussion  only  the  test  results  for 
the  composite  material  will  be  considered. 

A  previous  study  (6)  has  shown  that  a  linear 
relationship  exists  when  the  log-penetration 
of  an  asphalt  is  plotted  against  the  test  tem- 
perature and  that,  by  extending  this  line,  it 
is  possible  to  estimate  the  penetration  of  the 
asphalt  at  both  higher  and  lower  tempera- 
tures. In  figure  1,  the  log-penetration-tem- 
perature relationships  are  shown  for  the  bitu- 
mens recovered  from  the  composite  mixture 
before  and  after  each  period  of  weathering. 
From  these  curves  it  was  possible  to  estimate 
the  penetration  of  the  bitumen  contained  in 
the  stability  and  compression  specimens  at 
the  temperature  at  which  they  were  tested. 
These  values  also  are  given  in  table  2. 

In  studying  the  physical  properties  of  bi- 
tuminous mixtures  there  has  always  been  the 
problem  of  selecting  the  most  suitable  tem- 
perature to  use  in  making  the  tests.  Endersby 
(£),  in  discussing  the  triaxial  test,  emphasized 
the  need  for  selecting  the  most  representative 
test  temperature  and  suggested  adjusting  this 
temperature  to  the  climate  in  which  the  mix- 
ture is  used.  In  this  study,  temperatures  for 
the  stability  and  compressive  load  tests 
selected  so  as  to  cover  the  temperature  range 
to  which  the  mixtures  might  be  subjected  un- 
der normal  service  conditions. 
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Figure  2. — Effect    of    <<•>/     temperature  <>n    Hubbard— Field   stability    of 
mixture  before  and  after  weathering 
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Figure  3. — Effect  of  test  temperature  on  compressive  load  of  mixture 
before  and  after  weathering. 


log-penetration  of  the  contained  asphalt  was 
plotted  against  the  log-stability  or  log-com- 
pressive  load  at  corresponding  test  tempera- 
tures. 

Figure  4  shows  the  stability  of  the  mixture 
before  and  after  weathering  plotted  against  the 
penetration  of  the  contained  bitumen  at  the 
corresponding  test  temperature.  It  is  of 
interest  to  note  that  all  the  points,  regardless 
of  the  amount  of  weathering  and  test  tempera- 
ture, fall  very  close  to  one  curve.  A  straight- 
line  relation  exists  for  the  lower  portion  of  this 
curve,  showing  that  the  rate  of  increase  in 
stability  is  proportional  to  the  rate  of  decrease 
in  penetration.  This  relation  holds  until  a 
penetration  of  approximately  10  is  reached 
where  further  decrease  in  penetration  causes  a 
lower  rate  of  increase  in  stability. 

This  relation  between  stability  and  penetra- 
tion of  the  contained  asphalt  not  only  sub- 
stantiates the  work  done  by  Hillman  (3)  but 
also  shows  that  the  stability  of  an  asphaltic 
mixture  varies  with  the  consistency  of  the 
contained  bitumen  which  may  be  altered  by 
hardening  or  by  reducing  the  temperature  at 
which  the  stability  test  is  made. 

COMPRESSIVE  LOAD  VALUES  DIFFER 
FOR  SAME  CONSISTENCY  OF  CON- 
TAINED BITUMEN 

In  figure  5  the  compressive  load  of  the  rock 
asphalt  before  and  after  weathering  is  plotted 
against  the  penetration  of  the  contained  as- 
phalt at  the  corresponding  test  temperature. 
In  this  figure  two  separate  curves  were  devel- 
oped— one  for  tests  on  the  unweathered  mix- 
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Figure  4. — Relation  between  Hubbard-Field  stability  and  penetration  of  contained  asphalt  at  test  temperature. 
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Figure  5. — Relation  between  compressive  load  and  penetration  of  contained  asphalt  at  test  temperature. 


ture  tested  at  different  temperatures,  and  the 
other  for  tests  on  all  the  weathered  specimens 
tested  after  the  three  exposure  periods  at  the 
different  temperatures.  The  shape  of  these 
curves  is  similar  to  that  in  figure  4  for  the 
stability  specimens.  The  lower  parts  of  the 
curves  are  straight  lines,  showing  a  uniform 
rate  of  change  in  compressive  load  with  change 
in  penetration.  Below  approximately  10  pen- 
etration the  rate  of  increase  in  compressive 
load  decreases. 

The  cause  of  the  formation  of  two  separate 
curves  for  the  compression  data  while  only 
one  was  formed  for  the  stability  data  is  not 
apparent  at  the  present  time.  It  is  possible 
that  during  accelerated  weathering  of  the 
molded  specimens  an  outer  crust  was  formed, 
and  when  tested  in  compression  the  circum- 
ferential hardening  gave  additional  support. 
Due  to  the  manner  in  which  the  stability 
specimens  are  tested,  this  outer  crusting  prob- 
ably would  not  affect  the  values  to  any 
extent.     The  relatively  high  loss  of  volatile 


Table  3. — Modulus  of  elasticity  of  compres- 
sion specimens  before  and  after  weather- 
ing. 


Weathering  of  specimens 
tested  and  test  temperature 

Modulus 
of  elas- 
ticity 

Penetra- 
tion of 
contained 
asphalt 

Unweathered,  tested  at: 
—10°  F                

Lbs  per 
sq.  in. 
49, 250 
14, 850 
5,500 
2,200 

46, 350 
19,  650 
10,  200 

0.8 
5.0 

30 

156 

1.9 
8.7 
34 

20°  F             --_ 

50°  F             

77°  F 

Weathered  900  hours,  tested 
at: 
20°  F     

50°  F 

77°  F 

material  from  the  asphalt  in  the  rock  asphalt 
would  accelerate  the  outer  hardening.  Similar 
work  on  mixtures  prepared  with  standard 
asphalt  cements  may  aid  in  showing  the  cause 
for  the  formation  of  separate  curves  for  the 
unweathered  and  weathered  mixture  when 
tested  in  compression. 

Vokac  (15,  16)  has  shown  that  in  the  com- 
pression testing  of  bituminous  mixtures  the 
fundamental  characteristics  of  modulus  of 
elasticity  and  elastic  limit  may  be  readily  ob- 
tained and  applied  to  the  study  of  mixtures 
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under  service  conditions.  In  making  the 
compression  tests  on  the  rock-asphalt  mixtures 
used  in  this  investigation,  load-deformation 
curves  were  obtained  on  the  compression 
specimens  before  and  after  weathering  for  900 
hours,  and  the  modulus  of  elasticity  calculated 
fbr  each  condition.  The  modulus  of  elasticity 
is  the  unit  stress  divided  by  the  unit  strain 
within  the  elastic  limit  or  over  that  portion  of 
the  stress-strain  curve  that  is  a  straight  line. 
The  curves  formed  for  the  rock-asphalt  speci- 
mens had  some  curvature  at  the  beginning  of 
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at  test  temperature. 
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the  loading  and  then  approached  a  straight 
line  until  the  elastic  limit  was  reached.  Since 
these  curves  did  not  have  a  definite  straight 
portion,  and  since  some  of  the  loads  and  de- 
formations were  of  low  magnitude,  the  moduli 
were  calculated  by  taking  the  middle  75  per- 
cent of  the  total  compression  load  and  the 
corresponding  deformation  from  the  curves. 

The  modulus  of  elasticity  values  at  the 
various  test  temperatures  for  the  unweathered 
mixture  and  the  mixture  weathered  for  900 
hours  are  given  in  table  3,  together  with  the 
penetration  of  the  contained  asphalt  at  the 
test  temperature. 

By     plotting    the     modulus    of    elasticity 


against  the  penetration  of  the  contained  as- 
phalt at  the  test  temperature,  both  on  log 
scale,  relations  were  found  as  shown  in  figure 
6.  Two  straight-line  curves  were  formed, 
one  for  the  unweathered  mixture  and  the  other 
for  specimens  weathered  for  900  hours.  This 
relation  is  similar  to  that  for  the  penetra- 
tion-compressive  load  curves  shown  in  figure 
5,  except  that  the  straight  lines  do  not  break 
when  the  penetration  of  the  contained  asphalt 
is  reduced  to  approximately  10. 

The  effect  of  consistency  of  the  binder  on 
the  physical  properties  of  mixtures  has  been 
included  in  test  data  from  other  investigations, 
although  in  some  cases  no  attempt  was  made 


to  correlate  the  two,  and  a  further  study  of 
these  data  is  of  interest. 

In  Hillman's  study  (S)  of  the  effect  of  con- 
sistency on  stability,  data  were  presented  for 
stabilities  and  penetrations  of  the  contained 
bitumen  at  temperatures  of  104°  F.,  122°  F., 
and  140°  F.  for  asphalts  from  several  sources. 
The  relations  between  stability  and  penetra- 
tion of  the  contained  bitumen  at  the  test 
temperature  for  some  of  these  asphalts  are 
shown  in  figure  7.  Although  the  tests  were 
made  only  at  the  high  temperatures  and  cover 
a  relatively  narrow  range,  there  was  consider- 
able difference  between  the  stability-pene- 
tration relationships  for  the  various  asphalts. 
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DATA  OF  OTHER  INVESTIGATIONS 
CONSIDERED 

Vokac  (17),  in  studying  the  thermal  suscep- 
tibility of  asphaltic  paving  mixtures,  made 
compressive  strength  tests  at  34°  F.,  77°  F., 
and  140°  F.  on  mixtures  containing  asphalts 
from  several  sources.  Although  only  the  effect 
of  temperature  on  compressive  strength  was 
given,  penetration  data  were  taken  from 
another  investigation  (6)  for  similar  asphalts 
and  correlated  with  the  compressive  strength 
values  at  the  three  temperatures.  The  pene- 
tration-compressive  strength  relations  for  some 
of  these  asphalts  are  shown  in  figure  8.  Al- 
though the  compression  tests  were  made  on 
mixtures  of  the  sheet-asphalt  type,  the  shape 
of  the  curves  is  similar  to  those  for  the  rock 
asphalt  used  in  this  investigation.  Asphalts 
from  different  sources  showed  somewhat  dif- 
ferent relationships. 

Figure  9  shows  some  penetration-com- 
pression data  taken  from  a  report  by  the 
Barber  Asphalt  Corporation  (1).  Here  com- 
pressive strength  tests  were  made  on  a  sheet- 
asphalt  mixture  at  three  temperatures,  using 
asphalt  cements  from  several  sources.  Pene- 
trations were  reported  at  three  temperatures 
so  that  the  consistency  of  the  contained  as 
phalt  at  the  temperatures  of  the  compression 
test  could  be  determined.  As  in  figure  8,  the 
straight-line  portion  of  the  curves  for  the  vari- 
ous asphalts  shows  some  spread. 

The  data  illustrated  in  figures  7,  8,  and  9 
show  that  there  is  some  characteristic  of  an 
asphalt  other  than  consistency  that  causes 
mixtures  made  with  different  asphalts  to  vary 
in  stability  and  compressive  strength. 

In  studying  the  effect  of  temperature  on 
shear  characteristics  of  bituminous  paving 
compositions  Skidmore  (13)  noted  that  as  the 
test  temperature  was  reduced,  the  rate  of  in- 
crease in  shear  strength  decreased  and  for  some 
asphalts  the  shear  strength  decreased  rather 
than  increased.  Some  of  Skidmore's  data  are 
plotted  in  figure  10  to  show  the  effect  of  tem- 
perature on  the  shear  strength.  From  this 
study  Skidmore  concluded  that: 

"1.  The  inherent  characteristics  and 
quantity  of  the  bitumen  in  the  mixture 
are  much  more  important  at  low  tempera- 
ures  than  at  normal  and  higher  tempera- 
tures in  the  pavement. 

"2.  There  is  an  optimum  proportioning 
of  the  several  ingredients  of  the  paving 
mixture  that  will  insure  the  best  perfor- 
mance over  the  entire  range  of  tempera 
tares. 

"3.  In  regions  where  low  temperatures 
obtain,  the  adoption  of  considerable  softer 
bitumens  than  have  been  used  commonly, 
will  constitute  one  of  the  most  important 
advances  in  the  direction  of  better  pave- 
ments." 
Oliensis  (8),  in  discussing  mechanical  tests 
on  mixtures,  pointed  out  that  due  to  the  dif- 
ference in  susceptibility  of  asphalts  either  rela- 
tively good  or  relatively  poor  test  results  can 
be  obtained  for  mixtures  with  any  given  as 
phalt,    provided    the    particular   temperature 
selected  for  the  designated  mechanical  test  has 
a  favorable  or  unfavorable  influence  on  the 
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Figure  9. — Relation  between  compressive  strength  and  penetration  of  contained  asphalt 

for  asphalts  from  various  sources. 


strength  of  the  mixture  because  of  the  con- 
sistency of  the  binder  at  the  test  temperature. 
He  also  noted  that  all  laboratory  tests  proposed 
thus  far  for  determining  the  quality  and  dura- 
bility of  mixtures  or  the  contained  asphalt  are 
in  essence  tests  of  consistency  or  tests  in  which 
consistency  plays  a  predominant  role. 
He  further  stated: 

'<  *  *  *  Hence,  if  reliable  durability 
tests  are  to  be  developed  in  the  laboratory 
on  the  finished  mixture,  our  research 
engineers  must  bend  their  efforts  to 
devising  other  tests,  in  which  either  the 
varying  consistency  of  the  incorporated  as- 
phalt plays  no  role  whatever,  or  in  which 
the  role  it  does  play  is  frankly  recognized 
and  allowed  for  by  having  both  the 
compaction  and  testing  processes  con- 
ducted  at    such    temperatures    (perhaps 


2,000 


different    ones    for    mixtures    containing 
different  asphalts)    as   will   insure  equal 
compaction,    and    equal    consistency    of 
the  bituminous  binders  at  the  moment 
when  the  mixtures  are  being  tested." 
Vok&c(16,  17),  in  analyzing  the  data  from 
the  study  of  the  correlation  of  physical  tests 
on  asphalt   mixtures   with   service   behavior, 
showed  that,  in  general,  those  mixtures  with 
the  highest  compressive  strengths,  Hubbard- 
Field  stabilities,  and  moduli  of  elasticity  were 
usually  from  pavements  of  the  type  that  tend 
to  crack.     The  asphalt  extracted  from  these 
pavements,  in  general,  had  the  lowest  penetra- 
tion and  ductilities  and  the  highest  softening 
points.     The  mixtures  representing  the  sound 
pavements  had  lower  compressive  strengths, 
stabilities,    and    moduli    of    elasticity    with 
corresponding  higher  penetrations  and  ductili- 
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Figure  10.— Effect  of  test  temperature  on  shear  strength  of  mixtures 
containing  various  bituminous  materials. 
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Figure  11. — Relation  between  modulus  of  elasticity  and  penetration  of  contained  asphalt 

for  pavement  samples. 


ties  and  lower  softening  points  of  the  contained 
asphalt. 

In  an  investigation  of  the  behavior  of 
asphalts  in  paving  mixtures,  Raschig  and 
Doyle  (11)  concluded  that  the  penetration 
and  ductility  of  the  asphalt  in  the  mixture 
had  the  greatest  influence  on  the  modulus  of 
elasticity  and  modulus  of  rupture  and,  in 
general,  the  condition  of  the  pavement  was 
poorest  where  the  penetration  and  ductility 
were  lowest.  The  physical  properties  of  the 
mixtures  were  determined  by  flexural  tests  on 
beams  cut  from  pavement  samples.  Although 
the  tests  on  the  beams  were  made  at  25°  F. 
and  38°  F.  and  the  penetration  of  the  recovered 
asphalt  was  made  at  77°  F.,  a  good  correlation 
of  these  properties  was  obtained.  Figure  11 
shows  the  relation  between  the  moduli  of 
elasticity  at  25°  F.  and  38°  F.  and  the  penetra- 
tion of  the  contained  asphalt  at  77°  F. 

CONSISTENCY  VARIES  WITH  CLIMATIC 
CONDITIONS 

Shattuck  (12),  Hubbard  and  Gollomb  (4), 
Powers  (9),  Thomas  (14),  and  others  also  have 
shown  that  pavement  conditions  can  be  cor- 
related with  penetration  of  the  contained 
asphalt,  and  some  of  these  investigators  have 
shown  the  correlation  of  ductility  and  softening 
point  of  the  asphalt  with  durability.  A 
summary  of  the  data  presented  by  these 
investigations  is  given  in  table  4. 

It  is  apparent  from  these  investigations  that 


the  characteristics  of  the  asphalt  contained  in 
the  mixture  are  of  fundamental  importance 
in  studying  the  durability  of  asphaltic  pave- 
ments. Since  durability  is  dependent  upon 
the  ultimate  hardness  of  the  contained  asphalt, 
usually  measured  at  77°  F.,  the  range  in 
temperatures  to  which  pavements  are  sub- 
jected also  should  be  considered. 

The  pavement  samples  analyzed  by  Shat- 
tuck, Thomas,  Hubbard,  and  Vokac  were 
taken  from  the  northeastern  and  north-central 
part  of  the  United  States  where  severe  crack- 


ing of  the  pavements  occurred  when  the  as- 
phalt had  hardened  to  a  penetration  of  20. 
However,  Powers  noted,  in  Arizona,  that  where 
the  penetration  of  the  contained  asphalt  was 
above  10  the  pavements  subjected  to  Arizona 
climate  were  free  from  cracking.  The  analy- 
sis of  asphaltic  concrete  mixtures  from  Cuba 
by  the  Public  Roads  Administration  (10) 
showed  that  the  average  penetration  of  as- 
phalts from  pavements  in  good  condition  was 
9  and  for  cracked  pavements  the  average 
penetration  was  5. 

The  minimum  ductility  and  maximum 
softening  point  of  the  recovered  asphalts,  as 
related  to  the  cracking  of  pavements,  also 
appear  to  be  dependent  upon  the  climatic 
temperatures  to  which  pavements  are  sub- 
jected. Although  ductility  and  softening 
point  are  inherent  characteristics  of  an  as- 
phalt, asphalts  from  various  sources  have 
widely  different  penetration-ductility  and 
penetration-softening  point  relationships. 

In  the  studies  cited  above,  the  characteris- 
tics of  the  recovered  asphalts  were  those  at 
the  time  of  pavement  rating.  Very  few  data 
are  available  that  give  the  inherent  charac- 
teristics of  the  original  asphalts  and  particu- 
larly the  changes  in  the  asphalts  due  to  plant 
mixing  and  laying.  Because  the  character- 
istics of  the  asphalts  contained  in  the  mixture 
at  the  beginning  of  the  pavement  life  are  not 
known,  changes  in  the  inherent  characteristics 
due  to  the  age  of  pavement  cannot  be  ascer- 
tained. Consequently,  the  relative  resistance 
of  the  various  asphalt  cements  cannot  be 
evaluated. 

For  the  natural  rock-asphalt  mixture 
studied  in  this  investigation,  the  correlation 
of  the  physical  properties  of  the  mixture 
with  the  penetration  of  the  contained  asphalt 
shows  that  for  a  given  mixture  the  physical 
properties  are  dependent  on  the  consistency  of 
the  asphaltic  binder  at  the  test  temperature. 
This  finding  is  substantiated  by  similar  corre- 
lations of  the  data  from  other  investigations. 
However,  it  is  well  known  that  when  different 
asphalts  are  exposed  to  the  high  temperatures 
encountered  in  plant  mixing,  weathering  un- 


Table  4. — Correlation  of  pavement  condition  with  physical  properties  of  recovered  bitumen 


Source  of  data 

Location  of  pavements 

Condition  of  pavement 

Tests  on  recovered  bitumen 

Penetra- 
tion 77°  F. 

Ductility 
77°  F. 

Softening 
point 

Shattuck  {12Y 

Thomas  (U) 

Hubbard  and  Gol- 
lomb (4). 

Vokac  (16,  17) 

Detroit,  Mich 

20+ 

20+ 

20- 

41 

26 

20 

30+ 

30- 

20- 

25+ 
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18- 

10+ 

10- 

9 

5 

Cm. 
50+ 
25+ 
25- 

24+ 
4-24 
4- 
10+ 
10- 
1.5 
0.5 

°  F. 

160- 

160+ 

160- 

160+ 

199 

217 

Mood 

[Badly  cracked. 

IGood2. 

^Fair2 

Ohio,  Mich.,  N.  Y.,  Ind.,  D.  C._. 

Ohio,  Pa.,  Md.,  Va.,  Mo.,  111., 
Ind.,  Mich.,  N.  Y.,  N.  J.,  D.  C. 

[Poor2 

(Sound -     .- 

<  Prone  to  crack 

[Cracking  type 

(Sound 

•j  Prone  to  crack 

[Cracking  type 

fGood 

\Cracked 

Public  Roads  Ad- 
ministration {10) 

Cuba 

/Good  2... 

\Cracked  2 

1  Italic  numbers  in  parentheses  refer  to  the  bibliography,  p.  94. 

2  Average  values. 
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Figure  12.— Relation  between  softening  point  and  penetration 
of  bitumen  recovered  from  mixtures  before  and  after  weath- 
ering. 
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Figure  13. — Relation  between  penetration  anil  ductil- 
ity of  bitumen  recovered  from  mixtures  before  and 
after  weathering. 


der  service  conditions,  or  exposure  to  any  of 
the  various  laboratory  oxidation  tests,  the 
rate  of  change  in  their  characteristics  is  a 
variable.  Therefore,  it  is  to  be  expected  that 
the  relation  between  the  physical  properties 
of  asphaltic  mixtures  and  the  properties  of  the 
asphaltic  binder  will  vary  with  different  as- 
phalts and  that  it  will  also  be  affected  by  the 
type  and  grading  of  the  aggregate,  the  degree 
of  heat  used  in  mixing,  degradation  of  the 
aggregate  during  consolidation,  and  the  de- 
gree of  consolidation.  It  seems  probable 
that  in  some  of  the  studies  that  have  been 
made  of  the  durability  of  bituminous  mixtures, 
variables  such  as  these  may  have  masked  the 
changes  that  have  occurred  in  the  asphalt 
binder. 

RETENTION  OF  ORIGINAL  CHARACTER- 
ISTICS   A    MEASURE    OF    DURABILITY 

Previous  investigations  (5,  7)  have  shown 
that  certain  correlations  between  penetration, 
ductility,  and  softening  point  are  useful  in 
studying  changes  induced  in  asphalts  by 
weathering  under  actual  service  conditions 
or  by  oxidation  tests  in  the  laboratory.  When 
an  asphalt  is  subjected  to  oxidation  the 
decrease  in  penetration  is  accompanied  by  an 
increase  in  softening  point  and  usually  by  a 
decrease  in  ductility.  After  various  periods 
of  weathering  or  oxidation  it  has  been  shown 
that  when  the  softening  points  of  the  various 
residues  are  plotted  against  the  corresponding 
log-penetrations  smooth  curves  are  formed 
which,  for  many  asphalts,  are  straight  lines. 
If  the  penetrations  are  plotted  against  the  log- 
ductility  of  the  various  residues  smooth  curves 
can  be  drawn  through  the  points.     For  each 


asphalt  these  relations  exist  either  for  residues 
obtained  from  laboratory  oxidation  tests  or 
bitumens  recovered  from  mixtures  after  ex- 
posure to  heat  or  actual  service  conditions. 

The  penetration,  softening  point,  and  ductil- 
ity results  for  the  bitumens  recovered  from  the 
unweathered  and  the  various  weathered  rock- 
asphalt  specimens  of  this  investigation  are 
shown  plotted  in  the  above  manner  in  figures 
12  and  13.  Tn  figure  12,  all  the  points  formed 
by  plotting  softening  point  against  the  log- 
penetration  fall  very  close  to  a  straight  line. 
Because  of  the  softness  and  the  high  ductility 
of  the  recovered  bitumens,  it  was  necessary 
to  determine  ductilities  at  temperatures  lower 
than  77°  F.  to  show  changes  in  the  asphalt 
induced  by  weathering. 

Figure  13  shows  penetration  plotted  against 
log-ductility,  both  at  60°  F.,  for  the  bitumens 
recovered  from  the  mixture  before  and  after 
weathering.  As  compared  to  many  asphalt 
cements  the  ductility  of  the  asphalt  recovered 
from  the  rock-asphalt  mixture  is  high  for  a 
given  penetration  both  before  and  after 
weathering. 

Previous  studies  (5,  7)  have  shown  that 
changes  occurring  in  asphalt  cements  during 

Table  5. — Comparison  of  tests  on  asphalts 
subjected  to  thin-fdm  oven  test  and 
weatherometer  exposure 


Material  tested 

Pene- 
tration 
77°  F. 

28 
29 

Soft- 
ening 
point 

°F. 
141 

142 

Duc- 
tility 
77°  F. 

Cm. 
81 

69 

Thin-film  oven  test,  5  hours. 
Weatherometer     exposure, 
900  hours        -  -  -  - 

mixing  and  after  exposure  of  the  mixture 
under  service  conditions  can  be  predicted  by 
heating  the  asphalt  in  a  %-inch  film  at  325°  F. 
for  variable  periods  of  time.  The  bitumen 
recovered  from  the  unweathered  rock-asphalt 
mixture  used  in  this  study  was  subjected  to  the 
thin-film  oven  test  for  5  hours  and  the  residue 
tested  for  penetration,  softening  point,  and 
ductility.  The  characteristics  of  the  residue 
were  very  similar  to  those  of  the  bitumen  re- 
covered from  the  stability  specimens  exposed 
for  900  hours  in  the  weatherometer,  as  may  be 
seen  in  table  5. 

The  increase  in  organic  matter  insoluble 
in  86°  B.  naphtha  can  also  be  used  to  deter- 
mine changes  in  asphalts  caused  by  exposure 
to  accelerated  laboratory  oxidation  tests  or 
to  weathering  under  service  conditions.  In 
studying  the  effect  of  the  thin  film  oven  test 
on  85-100  penetration  asphalts  (7)  from  nearly 
all  sources,  it  was  found  that  the  naphtha- 
insoluble  matter  in  the  residues  ranged  from 
107  to  139  percent  of  the  insoluble  matter  in 
the  original  materials.  Table  1  of  this  report 
shows  the  naphtha-insoluble  matter  in  the 
bitumens  recovered  from  the  rock-asphalt 
mixtures  before  and  after  weathering.  The 
unweathered  asphalt  from  the  composite 
mixture  contained  24.14  percent  insoluble 
matter.  After  weathering  for  900  hours  this 
had  increased  to  30.27  percent  for  the  asphalt 
in  the  stability  specimens  and  30.26  percent 
for  the  asphalt  in  the  compression  specimens. 
These  increases  expressed  in  terms  of  the 
weight  of  original  material  were  117  percent 
for  the  bitumen  recovered  from  the  stability 
specimens  and  119  percent  for  the  compression 
specimens. 
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The  Analysis  of 

Motor-Vehicle  Registration  Records 


BY  THE  DIVISION  OF  FINANCIAL 
AND  ADMINISTRATIVE  RESEARCH 
PUBLIC   ROADS   ADMINISTRATION 


Reported  by  G.  P.  ST.  CLAIR,  Chief  of  Division 
and  SIDNEY  B.  CLARK,  Statistician 


This  study  of  the  District  of  Columbia 
motor-vehicle  registration  and  title  records 
was  made  primarily  for  the  purpose  of  devel- 
oping sampling  techniques  that  would  be 
applicable  in  all  States.  The  results  indi- 
cate that  the  use  of  standard  sampling  pro- 
cedures, adapted  specifically  to  the  regis- 
tration system  in  the  individual  State,  will 
produce  accurate  data  regarding  the  num- 
bers of  motor  vehicles  in  existence  or  in  use 
at  a  given  time  and  their  distribution  by 
year  model,  weight,  body  type,  and  other 
characteristics.  Analysis  of  certificate-of- 
title  records  provides  useful  information 
regarding  the  motor-vehicle  market,  includ- 
ing the  volume  and  fluctuation  of  new-  and 
used-car  sales,  the  interstate  migration  of 
motor  vehicles,  and  dealers'  inventories  of 
used  cars. 

INFORMATION  regarding  the  motor  ve- 
hicle, its  life,  and  its  habits  is  of  the  utmost 
importance  in  highway  research.  It  is  of 
great  value  also  to  motor-vehicle  manufac- 
turers, suppliers,  and  users  and  to  those  who 
are  interested  in  observing  economic  trends. 
A  virtual  gold  mine  of  such  information  is 
found  in  the  records  of  the  State  motor- vehicle 
departments.  Unfortunately,  this  treasure  is 
of  the  type  for  which  we  must  dig  if  we  are  to 
find  pay  dirt.  The  motor-vehicle  departments 
maintain  and  use  these  records  primarily  for 
purposes  of  administration  and  law  enforce- 
ment. Motor-vehicle  administrators  are  be- 
coming increasingly  aware  of  the  value  of  the 
statistics  at  their  command;  and  a  number 
have  installed  the  most  modern  methods  of 
record-keeping.  They  have  also  been  very 
cooperative  in  making  their  files  available  for 
study.  The  fact  remains,  however,  that  the 
adaptation  of  motor-vehicle  records  and 
statistics  to  the  uses  of  highway  research  and 
planning  is  the  responsibility  of  the  agencies 
engaged  in  this  work.  All  that  can  be  asked 
of  the  motor-vehicle  departments  is  a  willing- 
ness to  cooperate  in  the  endeavor,  within  the 
limits  of  their  statutory  powers  and  duties. 

Although  published  registration  statistics 
are  valuable  if  interpreted  properly,  they  fail 
to  give  answers  to  some  of  the  most  important 
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questions  regarding  the  motor  vehicle.  They 
do  not  tell  us  how  many  vehicles  are  in 
existence  at  a  given  time,  although  they  are 
often  improperly  used  for  that  purpose.  They 
do  not  tell  us  how  many  have  been  scrapped 
during  a  year  or  the  number  which  have  been 
moved  from  one  State  to  another.  Nor  do 
they  give  us  accurate  information  from  which 
the  age-distribution  and  service-life  character- 
istics of  motor  vehicles  can  be  determined. 
All  of  this  information,  however,  is  contained 
in  the  registration  and  title  records,  or  can  be 
derived,  at  least  approximately,  from  an 
analysis  thereof.  Because  of  the  very  large 
number  of  motor  vehicles,  particularly  pas- 
senger cars,  registered  in  most  States,  there  is 
an  opportunity  for  the  use  of  sampling 
methods  to  obtain  at  reasonable  expense 
accurate  estimates  of  the  items  of  information 
most  desired. 

In  order  to  develop  techniques  for  such  a 
sampling  procedure,  arrangements  were  made 
with  the  District  of  Columbia  Department  of 
Vehicles  and  Traffic  for  the  conduct  of  a  pilot 
study  of  its  registration  and  title  records. 
This  study  was  in  three  parts:  First,  a  sample 
study  of  private  passenger-car  registrations  in 
the  registration  year  1943;  second,  a  sample 
study  of  all  motor-vehicle  registrations  in  the 


registration  year  1944;  and  third,  a  sample 
study  of  certificates  of  titles  issued  during  the 
calendar  year  1941.  In  the  District  of 
Columbia  the  annual  registration  period 
begins  on  March  1,  although  registrations  for 
the  new  year  are  accepted  prior  to  that  date. 
The  plates  of  the  previous  year  are  valid 
through  the  month  of  March. 

THE  REGISTRATION  STUDIES 

The  registration  records  of  the  District  of 
Columbia  consist  principally  of  three  files: 
An  alphabetical  or  name  file;  a  serial  or  plate- 
number  file;  and  a  motor-number  file.  The 
alphabetical  and  serial  files  are  maintained  on 
an  annual  basis.  The  motor-number  file  is 
not  chronological  in  any  sense.  The  cards  are 
filed  by  engine  number  and  upon  them  is 
recorded  the  ownership  history  of  every  ve- 
hicle titled  in  the  District  of  Columbia  since 
the  inception  of  the  file. 

In  the  District  of  Columbia,  as  in  about  20 
of  the  States,  the  procedure  on  transfer  of 
ownership  of  a  vehicle  is  for  the  original 
owner  to  retain  the  number  plates  and  attach 
them  to  his  new  vehicle,  if  he  acquires  one. 
The  result  is  that  the  District  of  Columbia 
registration  record  is  a  record  of  ownerships, 


GLOSSARY 


Original  registration:  The  first  registration  of  a 

vehicle  in  a  given  year. 
Subsequent  registration:  Any  registration  of  a 
vehicle,  other  than  the  original  registration, 
during  a  given  year. 
Renewal:  The  registration,  in  a  given  year,  of  a 
vehicle  which  was  in  registration  status  at 
the  close  of  the  previous  year. 

Regular  renewal:  A  renewal  made  by  the 

same  owner. 
Cross-over  renewal:  A  renewal  made  by  a 
different    owner    from    the    one    who 
registered  the  vehicle  in  the  previous 
year. 
Withdrawal:   A   vehicle   withheld   from   regis- 
tration but  which  in  some  subsequent  year 
will  be  returned  to  the  registration  lists. 
Return:   The   registration   of  a   former   with- 


drawal, i.  e.,  that  of  a  vehicle  which  had 
not  been  registered  in   the  next  previous 
year  but  had  been  registered  in  a  year  prior 
to  that,  and  had  not  lost  title  status  in  the 
State. 
Immigration:  A  vehicle  moved  in  from  another 
State  and  not  registered  in  the  new  State  of 
residence  prior  to  the  year  under  study. 
Duplicating  immigration:  A  migrant  ve- 
hicle  registered   in   both    the   State  of 
origin  and  the  State  of  destination  in 
the  same  year. 
Cross-over  immigration:  A  migrant  vehicle 
registered  in  the  State  of  origin  in  one 
year  and  in  the  State  of  destination  in 
the  next  year. 
Transfer:  A  transaction  by  which  a  number 
plate  is  changed  from  one  vehicle  to  another. 
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rather  than  of  vehicles;  for  the  same  number 
plate  may  represent  two  or  more  vehicles 
registered  by  the  same  owner  in  a  single  year. 
The  transaction  represented  by  the  change  of 
a  number  plate  from  one  vehicle  to  another  is 
called  a  transfer.  The  serial  file,  therefore, 
contains  one  or  more  cards  for  each  number 
plate  issued.  The  first  of  these  cards  repre- 
sents the  first  registration  of  a  vehicle  by  the 
given  owner.  In  addition  there  may  be  one 
or  more  transfers,  and  there  may  also  be  so- 
called  duplicate  cards,  which  represent  minor 
transactions  of  little  consequence. 

Since  the  objective  of  the  study  was  to 
obtain  information  regarding  vehicles  rather 
than  about  their  owners,  it  was  necessary  to 
find  a  means  of  drawing  a  representative  sam- 
ple of  vehicles  from  a  file  of  ownerships.  To 
resolve  this  difficulty,  the  concept  of  originals 
and  subsequent^  was  developed.  An  original 
was  defined  as  the  first  registration  of  a  vehicle 
in  the  given  year.  A  subsequent  was  defined 
as  any  registration  of  a  vehicle  other  than  the 
first.  For  example  if,  on  March  1,  an  owner 
renews  the  registration  of  the  vehicle  he  regis- 
tered in  the  previous  year,  that  is  considered 
an  original  registration.  If,  on  July  1,  he 
records  the  trade-in  of  the  old  car  for  a  brand 
new  one,  that  also  is  an  original  registration, 
although  it  will  appear  in  the  records  as  a 
transfer.  On  the  other  hand,  if  he  trades  in 
for  a  used  car  which  had  been  registered  in 
the  same  year  by  the  previous  owner,  that 
transaction  is  considered  a  subsequent  regis- 
tration, although  it  too  would  appear  on  the 
records  as  a  transfer.  If  a  person  not  previ- 
ously owning  a  car  buys  and  registers  a  used 
car  which  had  already  been  registered  by 
the  previous  owner  within  the  year,  that  is 
considered  a  subsequent,  although  it  appears 
in  the  records  as  a  registration.  Thus  an 
original  or  a  subsequent  may  appear  at  any 
point  in  the  sequence  of  registration  and  trans- 
fer cards  under  a  given  serial  number. 

It  may  be  noted,  parenthetically,  that,  in  a 
Slate  where  the  plates  go  with  the  car  on 
transfer  of  ownership,  the  serial  or  plate- 
number  file  may  be  sampled  directly,  without 
recourse  to  the  concept  of  originals  and  sub- 
sequent?. This  procedure  is,  however,  an 
essential  step  in  the  case  of  a  State  where  the 
plates  are  retained  by  the  registrant. 

Once  this  concept  had  been  introduced,  it 
became    apparent    that    if    a    representative 


sample  of  all  cards  in  the  serial  file  were  drawn, 
and  each  card  (other  than  duplicates)  was 
identified  as  either  an  original  or  a  subsequent, 
the  cards  representing  originals  would  consti- 
tute a  representative  sample  of  the  number  of 
vehicles  registered  during  the  year.  This 
identification  could  not  be  made  on  the  cards 
as  they  were  drawn  from  the  serial  file.  It 
was  necessary  to  make  a  search  in  the  motor- 
number  file,  the  alphabetical  file  of  the  pre- 
vious year,  and  other  available  files  and  records 
in  order  to  make  the  complete  identification 
desired. 

It  was  first  decided  to  draw  every  nth  card 
in  the  serial  file,  but  it  soon  developed  that 
the  job  would  be  much  easier  if  all  the  cards 
under  every  nth  serial  number  were  drawn. 
This  procedure  involved  a  species  of  cluster 
sampling,  since  a  given  serial  number  might 
contain  from  0  to  4  or  more  cards.  The 
absence  of  a  card  under  a  given  serial  number 
meant  that  no  registration  was  issued  under 
that  number  during  the  year.  There  was  a 
relatively  large  number  of  such  cases  in  the 
years  1943  and  1944,  because  the  District  of 
Columbia  was  still  using  1942  number  plates 
with  annual  tabs  to  indicate  registration  in  the 
given  year.  Thus,  if  a  vehicle  was  registered 
under  a  given  serial  number  in  1942  and  then, 
because  of  being  scrapped  or  moved  out  of 
the  District  was  not  register?d  in  1943  or  1944, 
no  card  would  be  found  under  that  serial  num- 
ber in  the  registration  file  for  the  later  year. 


It  was  of  interest,  for  the  sake  of  economy, 
to  select  as  small  a  sample  as  would  give  the 
desired  accuracy,  which  was  conceived  in 
terms  of  a  relative  error  of  no  more  than  2 
percent  (at  the  95  percent  level  of  significance) 
for  the  estimates  of  total  vehicles  registered. 
In  the  1943  study  a  4-percent  sample  (every 
25th  serial  number)  of  private  passenger-car 
registrations  was  drawn,  producing  a  total  of 
6,144  individuals.  In  the  1944  study  a  5  per- 
cent sample,  consisting  of  8,324  individuals, 
was  taken.  For  the  other  vehicle  types  the 
relative  size  of  sample  varied  from  30  percent, 
or  6,167  individuals,  in  the  case  of  trucks,  to 
100  percent  in  the  case  of  busses  and  other 
types  of  which  the  total  was  small. 

In  addition  to  the  segregation  of  originals 
from  subsequents,  it  was  desired  to  obtain 
certain  descriptive  information  about  the 
vehicles  registered  during  the  year;  and  for  this 
reason  the  process  of  identification  included  the 
determination  of  whether  each  original  was  a 
renewal,  a  return,  a  new  car,  or  an  immigra- 
tion. A  renewal  is  defined  as  the  registration, 
in  a  given  year,  of  a  vehicle  which  was  in  regis- 
tration status  at  the  close  of  the  previous  year. 
Renewals  may  be  further  subdivided  into 
regular  renewals,  i.  e.,  those  made  by  the  same 
owner,  and  cross-over  renewals,  defined  as 
renewals  made  by  a  different  owner  from  the 
one  who  registered  the  vehicle  in  the  previous 
year.  Ordinarily,  such  transactions  occur 
during    the    overlapping    registration    period 
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Figure  2. — Relative    distributions  of  private  passenger  cars  registered  in  1943  and  in  1944. 
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when  new  registrations  are  being  issued  while 
plates  for  the  expiring  year  are  still  valid. 

Each  year  there  is  a  small  number  of  vehicles 
that  are  withheld  from  registration  by  their 
owners,  later  to  be  returned  to  the  registration 
lists:  these  are  called  withdrawals.  A  return 
represents  the  registration  of  a  former  with- 
drawal, i.  e.,  that  of  a  vehicle  which  was  not 
registered  in  the  next  previous  year,  but  which 
had  been  registered  in  a  year  prior  to  that,  and 
had  not  lost  title  status  in  the  District  of 
Columbia  during  the  interval  between  regis- 
trations. In  this  study  the  assumption  was 
made  that  the  returns  of  one  year  equal  the 
withdrawals  of  the  preceding  year. 

An  immigration  is  defined  as  a  vehicle  moved 
in  from  another  State  and  not  registered  in  the 
District  of  Columbia  prior  to  the  year  under 
study.  Immigrations  are  of  two  kinds: 
duplicating  immigrations,  defined  as  migrant 
vehicles  which  were  registered  in  both  State  of 
origin  and  State  of  destination  in  the  year 
under  study;  and  cross-over  immigrations,  con- 
sisting of  migrant  vehicles  registered  in  the 
State  of  origin  in  one  year  and  in  the  State  of 
destination  in  the  next  year.  If  all  States 
made  studies  of  this  sort  it  would  be  possible, 
by  the  exchange  of  information,  to  distinguish 
accurately  between  duplicating  and  cross-over 
immigrations.  In  the  District  of  Columbia 
study,  cross-over  immigrations  were  taken  as 
equalling  all  immigrations  for  which  titles 
were  issued  prior  to  March  31,  plus  one-half  of 
those  titled  in  April.  This  assumption  was 
influenced  by  the  known  registration  practices 
of  the  adjacent  States  of  Maryland  and 
Virginia. 

The  identification  process  is  illustrated  in 
figure  1,  which  shows  the  type  of  enumeration 
card  used  in  the  study.  Figure  I A  illustrates 
the  identification  of  a  subsequent.  Philip 
Jones  titled  the  car  on  April  1,  1943,  and 
registered  it  on  April  6.  The  symbol  N  in 
the  box  headed  "Registered  last  year?"  indi- 
cates that  he  did  not  register  this  car  in  1942. 
The    next    previous    owner,    James    Gordon, 
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Figure  3. — Year-model  distributions  of  private  passenger  cars  registered  in  1943. 
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titled  the  car  on  March  5,  1943,  and  registered 
it  in  the  current  year,  1943.  Since  this  car 
was  previously  registered  in  the  current  year 
by  James  Gordon,  the  sample  card  represents 
a  subsequent  registration. 

Figure  IS  illustrates  the  identification  of  a 
cross-over  renewal.  The  present  owner  did 
not  register  the  car  in  1942,  but  the  next 
previous  owner  did.  The  transfer  of  title 
occurred  during  the  cross-over  period,  in  the 
month  of  March. 

Figure  1C  illustrates  the  identification  of  a 
cross-over  immigration.  That  it  was  an  im- 
migration is  proved  by  the  fact  that  it  was 
first  titled  in  the  District  of  Columbia  as  a 
used  car.  Because  it  was  first  registered  in 
the  District  in  1943,  it  is  by  definition  a  1943 
immigration.  It  was,  however,  first  titled  by 
Joseph  Brown  on  July  7,  1942.  Therefore, 
since  it  was  in  the  District  of  Columbia  at  the 
opening  of  the  1943  registration  year,  it 
qualifies  as  a  cross-over  immigration. 
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Figure  4. — Year-model  distribution  of  private  passenger  cars  in  existence  on  March  1,  1943, 
which  were  subsequently  registered  for  1943. 


A  brief  summary  of  the  results  of  the  regis- 
tration studies  is  given  in  figures  2-4.  The 
left-hand  chart  in  figure  2  gives  the  percentage 
distribution  of  private  passenger  cars  regis- 
tered in  1943  with  respect  to  renewals,  returns, 
new  cars,  and  immigrations.  More  than  91 
percent  of  the  passenger  cars  registered  were 
renewals.  This  is  a  much  higher  percentage 
than  would  be  encountered  in  a  normal  year, 
because  new  car  production  had  been  sus- 
pended and  the  used-car  market  was  also 
relatively  inactive  under  war  conditions.  The 
number  of  new  cars  registered  was  naturally 
very  small.  Immigrations,  on  the  other  hand, 
constituted  about  6H  percent  of  the  vehicles 
registered.  The  number  of  returns,  although 
relatively  small,  was  much  greater  than  the 
number  of  new  cars.  It  seems  probable  that 
the  number  of  returns,  which  are  indicative 
of  vehicles  kept  in  storage  throughout  the 
registration  year  1942,  would  have  been 
greater  in  a  war  year  than  in  a  normal  year. 

The  right-hand  chart  in  figure  2  shows  the 
same  distribution  for  the  passenger  car  sample 
drawn  in  1944.  In  the  1944  study,  cross-over 
renewals  were  identified  separately  from 
regular  renewals.  Of  the  vehicles  registered, 
88%  percent  were  regular  renewals  and  2}i 
percent  were  cross-overs.  The  number  of 
new  cars  was  much  less  than  in  1943,  because 
the  rationed  supply  of  1942  models  was 
running  out.  Returns  were  somewhat  less; 
and  it  may  be  said  that  this  result  was  unex- 
pected, since  it  was  thought  that  1944  would 
show  a  considerable  return  of  cars  from  war- 
time storage.  The  percentage  of  immigrations 
was  somewhat  greater,  accounting  for  7  per- 
cent of  the  vehicles  registered. 

Figure  3  shows  the  year-model  distribution 
of  private  passenger  cars  registered  in  1943. 
The  dark  bars  represent  a  year-model  distri- 
bution obtained  in  an  earlier  study  of  the 
occupations  of  passenger-car  owners,  in  which 
a  sample  of  between  15  and  20  percent  of  the 
registrations  was  taken.  The  light  bars  rep- 
resent the  results  given  by  the  4-percent  sam- 
ple taken  in  this  study.  It  will  be  observed 
that  the  only  difference  of  more  than  negligi- 
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ble  size  is  found  in  the  1942  models.  This 
disparity  is  accounted  for  by  the  fact  that  the 
occupational  study  was  conducted  with  a  cut- 
off date  of  June  30,  1943,  while  in  the  present 
study  registrations  of  the  entire  year  were 
sampled,  so  that  all  of  the  1942  models  were 
accounted  for.  This  external  check  indicates 
that  the  sample  size  chosen  was  sufficient  for 
an  accurate  representation  of  the  year-model 
distribution. 

Figure  4  shows  the  year-model  distribution 
of  private  passenger  cars  in  existence  in  the 
District  of  Columbia  on  March  1,  1943,  which 
were  subsequently  registered  for  1943.  This 
figure  serves  to  introduce  the  question  of  the 
determination  of  the  number  of  vehicles  in 
existence  at  the  beginning  or  end  of  a  given 
registration  year.  The  drawing  and  identifi- 
cation of  the  sample  served  only  to  provide 
an  estimate  of  the  total  number  of  vehicles 
that  were  registered  in  the  year  1943.  Since 
a  certain  number  would  be  scrapped  and 
others  would  be  moved  out  of  the  District  by 
their  owners,  the  total  number  of  vehicles 
registered  would  by  no  means  represent  the 
number  existing  at  the  end  of  the  year. 

An  accurate  estimate  of  the  number  of  vehi- 
cles existing  can  be  obtained  from  the  regis- 
trations of  a  given  year  only  by  a  throw-back 
to  the  beginning  of  the  year.  The  process,  as 
applied  to  the  year  1943,  is  as  follows:  From 
the  total  number  of  vehicles  registered  in  the 
year  1943  deduct  the  number  of  new  vehicles 
registered  and  the  number  of  duplicating  im- 
migrations; then  add  the  returns  of  the  year 
1944,  as  representing  L943  withdrawals.  The 
result  is  an  estimate  of  the  number  of  vehicles 
in  existence  in  the  District  of  Columbia  at  the 
beginning  of  the  registration  year  1943.  Cross- 
over immigrations  are  not  deducted,  for  these 
vehicles  are  either  known  or  assumed  to  have 
been  in  the  District  at  the  beginning  of  the 
year. 
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The  process  described  above  is  illustrated 
for  private  passenger  cars  in  1943,  as  follows: 
Total  number  registered  in  1943__    114,  700 
Less:  New  cars  registered..       700 
Duplicating  immigra- 
tions  4,  400 

5,  100 

Plus    1944    returns     (represent  inn 

1943  withdrawals) +  1,  380 


Total=  Estimate  of  number  of  cars 

in  existence  at  beginning  of  1943  1 10,  980 
In  preparing  the  estimate  of  cars  existing  at 
the  beginning  of  1944,  it  was  necessary  to  make 
an  assumption  regarding  1944  withdrawals, 
since  no  data  on  1945  returns  had  been  col- 
lected. A  value  equal  to  1%  times  that  of  1944 
returns  was  selected,  on  the  ground  that  there 
would  be  a  somewhat  greater  accumulation  of 
cars  withheld  from  registration  during  1944 
than  during  1943.  The  calculation  for  private 
passenger  cars  in  1944  is  as  follows: 

Total  number  registered  in  1944. .     98,  300 
Less:  New  cars  registered. .       360 
Duplicating  immigra- 
tions  4,630 

4,990 

Plus  estimated  1944  withdrawals.    +1,  725 


Total  =  Estimate  of  number  of  cars 
in  existence  at  beginning  of 
1944 95,035 

An  important  part  of  the  study  was  the 
determination  of  the  error  involved  in  using 
the  registration  totals  of  a  given  year  to 
represent  the  number  of  vehicles  existing  at 
the  end  of  the  year.  Obviously,  the  sample 
estimate  of  cars  existing  at  the  beginning  of 
1943  should  be  compared  with  official  total 
registrations  for  1942;  and  similarly,  cars 
existing  at  the  beginning  of  1944  should  be 
compared    with   the   official   registrations   for 
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1943.  This  comparison  is  given  for  passenger 
cars  in  figure  5.  It  will  be  observed  that  in 
both  cases  the  official  registration  total  was 
considerably  in  excess  of  the  estimated  number 
of  cars  existing.  The  divergence  in  1942  was 
22  percent  and  in  1943,  17  percent.  Since 
registrations  in  the  District  of  Columbia 
were  declining  rather  rapidly  during  the  war 
period,  there  is  a  likelihood  that  this  discrep- 
ancy is  greater  than  that  which  would  be 
observed  in  a  normal  year.  However,  the  sale 
of  new  cars  induces  scrappage,  and  in  a  year 
when  such  scrappage  is  of  large  magnitude,  the 
discrepancy  between  registrations  and  cars 
existing  might  be  rather  high.  In  any  event, 
the  result  of  this  sample  study  should  serve  as 
a  warning  of  the  danger  of  using  registration 
totals  as  indicative  of  the  number  of  vehicles 
existing  at  the  end  of  the  year. 

The  severity  of  the  discrepancy  indicated 
in  figure  5  is  mitigated  somewhat  if  a  dis- 
tinction is  made  between  cars  existing  at  the 
end  of  the  expiring  registration  year  and  cars 
existing  at  the  beginning  of  the  new  year. 
Every  year  there  will  be  a  number  of  cars 
that  are  not  scrapped  until  the  owner  is  con- 
fronted with  the  necessity  of  buying  new 
plates  for  an  unserviceable  vehicle.  Such  cars 
may  actually  be  driven  on  the  last  day  of  the 
expiring  year.  Statistically,  there  seems  to 
be  no  advantage  in  making  a  distinction 
between  the  end  of  the  old  year  and  the 
beginning  of  the  new;  and  it  is  customary  to 
consider  a  vehicle  that  is  scrapped  without 
being  registered  for  the  new  year  as  belonging 
to  scrappage  of  the  expiring  year.  On  the 
other  hand,  since  the  magnitude  of  year-end 
scrappage  is  probably  greater  than  propor- 
tional to  total  scrappage  during  a  year,  con- 
sideration of  these  vehicles  as  existing  at  the 
end  of  the  old  year  would  reduce  the  dis- 
crepancy indicated  in  figure  5,  perhaps  by  an 
appreciable  percentage.  The  registration  fig- 
ures, however,  do  not  afford  a  means  of 
estimating  the  number  of  vehicles  involved. 

It  was  also  possible  in  this  study  to  analyze 
the  transition  from  the  number  of  passenger 
cars  existing  at  the  beginning  of  the  registra- 
tion year  1943  to  the  number  existing  at  the 
beginning  of  the  registration  year  1944.  This 
transition,  shown  in  the  form  of  an  accounting 
statement,  is  as  follows: 

Cars  existing,  March  1,  1943 110,  980 

Changes  during  1943  registration 
year: 

New  cars  registered.  700 

Duplicating      immi- 
grations, 1943 4,  400 

Cross-over  immigra- 
tions, 1943-44..         2,450 

Total   vehicles 

added 7,  550 

Less   scrappage   and 

emigrations —23,495 


Net    change    in    number    of 

cars —15,  945 


Figure  5. — Comparisons  of  official  registrations  of  private  passenger  cars  with  estimated 
numbers  of  cars  existing  at  the  ends  of  corresponding  years. 


Cars  existing,  March  1,  1944 95,  035 

The  process  of  accounting  is  evident:  To  the 
number  of  vehicles  existing  at  the  beginning 
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of  1943,  add  new  cars  registered  in  1943, 
duplicating  immigrations  of  1943,  and  cross- 
over immigrations  of  the  1943-44  transition 
period;  and  deduct  the  number  of  vehicles 
which  were  scrapped  or  moved  out  of  the 
State  during  the  year.  Actually,  the  latter  is 
the  residual  figure,  since  its  value  can  only  be 
derived  from  the  estimated  cars  existing  at  the 
beginnings  of  the  two  years,  and  the  new  cars 
and  immigrations  of  the  period  between 
them.  If  the  system  of  analysis  herein  de- 
scribed were  adopted  by  all  or  a  large  number 
of  States,  the  exchange  of  information  among 
them  would  make  possible  an  estimate  of 
emigrations;  and  the  number  of  vehicles 
scrapped  would  be  derived  as  the  residual 
figure. 

The  indicated  volume  of  scrappage  and 
emigrations,  23,495,  seems  rather  high,  par- 
ticularly in  view  of  the  fact  that  scrappage  is 
generally  considered  to  have  been  at  a  mini- 
mum during  the  war.  It  must  be  remem- 
bered, however,  that  the  population  of  the 
District  of  Columbia  was  rather  fluid  during 
the  war  years.  In  addition  to  military  men 
and  others  moving  out  of  the  area,  there  was 
a  steady  drift  of  District  of  Columbia  residents 
into  new  residential  developments  of  the 
surburban  sections  of  Maryland  and  Virginia. 

In  the  1944  study,  other  items  of  informa- 
tion were  collected  and  analyzed,  including 
the  occupations  of  passenger-car  owners,  the 
geographical  distribution  of  passenger  cars 
registered,  the  weight  distribution  of  all 
vehicle  types,  registration  fees  and  personal 
property  taxes  paid,  and  the  body-type  dis- 
tribution of  trucks  and  tractor  trucks.  Space 
does  not  permit  discussion  of  these  parts  of 
the  analysis.  In  general,  it  was  concluded  that 
studies  of  this  character  could  be  made 
annually  in  all  States  at  not  too  great  expense, 
and  that  the  information  gained  would  be  of 
substantial  value  to  highway  research  and  to 
the  motor-vehicle  industry. 

THE  TITLE  STUDY 

In  the  District  of  Columbia,  certificates  of 
title  are  numbered  serially  as  issued,  and  the 
completed  application  forms  are  placed  in  a 
serial  file,  together  with  any  documents  auxili- 
ary to  the  transaction.  Such  documents 
include  (1)  titles  held  by  the  next  previous 
owner  and  surrendered  by  the  new  owner 
upon  application  for  the  new  title,  and  (2) 
titles  issued  by  other  States  and  surrendered 
upon  application  for  a  title  in  the  District  of 
Columbia.  The  first  group  bear  dated  assign- 
ments of  title,  two  in  case  of  a  consumer-to- 
dealer-to-consumer  transaction  and  one  in  the 
case  of  a  consumer-to-consumer  sale.  The 
second  group  bear  similar  assignments  if  the 
immigration  involved  a  sale  transaction. 
This  method  of  filing  results  in  a  fully  chrono- 
logical file,  any  segment  of  which  can  be  ana- 
lyzed or  sampled  at  any  time.  Those  titles 
issued  during  the  calendar  year  1941  were 
selected  for  this  study. 

All  vehicle  types  and  classes  filed  separately 
in  the  title  records  were  subjected  to  study; 
but  the  greatest  attention  was  concentrated 
on  passenger  cars,  which  accounted  for  nearly 
81,000   of   the   88,600   titles   issued   in    1941. 


Figure  6. — Percentage  distribution  of  pri- 
vate passenger-car  title  transactions  in 
1941. 

Because  of  wide  variation  in  the  numbers  of 
vehicles  in  the  several  classes  to  be  sampled, 
the  rate  of  periodic  sampling  varied  from  1 
in  50  for  passenger  cars  to  1  in  3  for  sight- 
seeing vehicles. 

The  enumeration  schedule  was  arranged  so 
as  to  record  the  month  of  title  issuance,  year 
model  of  the  vehicle,  and  the  several  kinds  of 
titles,  including  new  originals  (issued  for  new 
vehicles),  used  originals  (indicating  an  immi- 
gration), used  transfers  (issued  upon  transfer 
of  ownership  from  one  District  of  Columbia 
consumer-owner  to  another),  and  certain 
miscellaneous  transactions,  such  as  motor- 
number  changes  and  titles  issued  to  manu- 
facturers and  dealers,  which  were  of  little  or 
no  consequence  in  the  study.  A  record  was 
made  also  of  the  type  of  transaction,  whether 
a  dealer  sale  to  consumer,  a  consumer-to- 
consumer  sale,  or  an  immigration  not  involv- 
ing a  sale  transaction.  Dates  of  title  assign- 
ments were  also  taken  off  for  those  titles 
resulting  from  sales  by  District  of  Columbia 
dealers. 

Figure  6  gives  a  summary  of  the  results  of 
the  sampling  of  passenger-car  titles.  The 
miscellaneous  transactions,  in  which  there 
was  no  interest  for  this  study,  accounted 
for  7.9  percent  of  the  total.  Transfers  of 
ownership  accounted  for  the  largest  segment, 
34.3  percent.  The  number  of  new  cars  titled 
was  nearly  as  great,  and  immigrations 
accounted  for  24.3  percent  of  the  titles  issued. 
The  number  of  new  car  titles  was  17.6  percent 
of  total  passenger-car  registrations  in  1941, 
immigrations  were  12.8  percent,  and  transfers 
of  ownership  18.1  percent.  These  figures 
illustrate  the  fact  that  a  very  large  percentage 
of  the  cars  registered  in  a  normal  year  are 
involved  in  transactions  of  this  sort. 

Of  the  total  passenger-car  immigrations  in 
1941,  estimated  at  19,700,  57  percent  were 
moved  into  the  District  of  Columbia  by  the 
owners  and  43  percent  were  brought  in  as  a 
result  of  sale  transactions.  In  1941  many 
people  were  moving  into  the  District  because 
of  National  defense  activities.  In  a  normal 
year,  or  in  an  ordinary  State,  it  is  probable 
that  sale  transactions  would  account  for  a 
larger  percentage  of  the  immigrations. 


A  record  was  also  made  of  the  States  from 
winch  the  migrating  vehicles  came.  Thirty- 
six  States,  including  all  of  the  9  census  regions, 
were  represented  in  the  sample  total  of  393 
individuals.  There  is  little  doubt  that,  if  the 
sample  size  had  been  sufficient,  all  of  the  48 
States  would  have  been  found  present.  How- 
ever, the  two  neighboring  States  of  Maryland 
and  Virginia  accounted  for  68  percent  of  the 
total  passenger-car  immigrations  to  the 
District  of  Columbia  in  1941. 

Another  interesting  comparison  is  that 
between  dealers'  sales  of  used  cars  to  con- 
sumers and  consumer-to-consumer  sales.  Of 
the  724  sample  individuals  representing  used- 
car  sales,  23  percent  were  consumer-to-con- 
sumer sales,  and  77  percent  were  dealer-to- 
consumer  sales.  It  is  probable  that  the 
percentage  of  consumer-to-consumer  sales  in- 
creased during  the  war  years  and  is  still  high, 
because  of  the  stringencies  of  the  new-car 
market. 

Although  the  2-percent  sample  of  1941 
passenger-car  titles  was  inadequate  to  give  a 
distribution  of  transactions  by  month  of  issue 
with  a  satisfactory  degree  of  accuracy,  the 
data  were  so  analyzed;  and  the  results  dis- 
played sufficient  consistency  and  regularity 
of  seasonal  variation  to  justify  their  use  in 
demonstrating  the  resources  of  the  title  file. 

Figure  7  gives  some  of  the  results  of  this 
monthly  analysis.  Plotted  values  represent 
numbers  of  sample  individuals.  Maximum 
sales  of  new  cars  occurred  in  May,  which  was 
also  the  peak  month  for  the  Nation  as  a 
whole  in  1941.  The  data  are  plotted  by  date 
of  title  assignment  from  dealer  to  purchaser, 
rather  than  by  date  of  issue  of  the  new  title, 
thereby  giving  a  more  accurate  representation 
of  the  time  of  sale.  The  tendency  of  used- 
car  sales  to  follow  the  trend  of  new-car  sales 
is  plainly  evident,  although  the  peak  in  the 
month  of  May  is  decidedly  less  sharp. 

The  evidence  of  this  figure  seems  to  belie 
the  often-quoted  statement  that  two  used 
cars  must  be  sold  for  every  new  car.  The 
data  shown,  however,  do  not  include  used- 
car  sales  by  District  of  Columbia  dealers  to 
dealers  and  consumers  in  the  suburban  and 
rural  areas  surrounding  the  District.  Further- 
more, consumer-to-consumer  sales  and  sales 
by  dealers  in  other  States  (mainly  Maryland 
and  Virginia)  are  also  omitted.  If  the  Mary- 
land and  Virginia  titles  were  analyzed  for  a 
common  period  with  those  of  the  District  of 
Columbia,  the  characteristics  of  the  used-car 
market  in  the  District  could  be  pretty  well 
determined. 

Figure  7  also  portrays  an  estimate,  in  terms 
of  sample  individuals,  of  dealers'  inventories 
of  used  cars  at  the  end  of  each  month,  a 
quantity  which  it  is  necessary  to  have  if  it  is 
desired  to  convert  from  cars  existing  to  cars 
in  use  at  any  time.  The  following  example 
will  illustrate  the  method  of  arriving  at  these 
figures.  If  the  dates  of  title  assignments 
show  that  a  car  was  sold  to  a  dealer  prior  to 
December  31,  1940  and  was  sold  by  the 
dealer  after  that  date,  the  car  was  obviously 
a  part  of  dealers'  inventories  on  that  date. 
The  used-car  sales  of  each  month  (as  given 
by  date  of  title  assignment  from  dealer  to 


PUBLIC  ROADS  •  Vol.  25,  No.  5 


99 


90 


SO 


70 


< 

9   60 


Q 

z 


Q- 
< 


CO 

2 

2 


50 


40 


30 


20 


10 


A. 

/      \ 

/ 

/ 
/ 

y 

\ 

\ 

y 

r 

\ 

— 

-  USED    CARS    ON    HANO 

/ 

// 

w 

K      > 

/ 
/ 

y 

X 

N 

i\ 
\  \ 
\    \ 

y 

\ 

N 

\     \ 

\ 

\ 
> 

\ 

90 


80 


70   « 

< 

60   I 
> 

Q 
Z 

50   uj 

_i 
a. 
2 
< 
40   "> 


30   u 

CD 

2 

20   Z 


10 


JAN.  FEB.  MAR.  APR  MAY  JUNE         JULY  AUG  SEPT.         OCT.  NOV.  DEC. 

Figure  7. — Monthly  distribution  of  dealers'  sales  of  new  and  used  cars,  and  used  cars  on  hand  at  end  of  month,  in  1941. 
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Figure  8. — Average  percentage  distribution  of  monthly  sales  of  used  passenger  cars  by  dealers  to  consumers,  by  month  in 

which  title  was   transferred  to  dealer. 
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purchaser)  were  tabulated  against  month  of 
purchase  by  the  dealer,  and  the  size  of  the 
dealers'  inventories,  or  cars  on  hand,  at  the 
end  of  each  month  was  obtained  by  deducting 
cumulative  cars  sold  from  cumulative  cars 
purchased. 

Dealers'  inventories  of  used  cars  as  obtained 
in  this  manner  do  not  include  cars  destined 
to  be  sold  to  junkers  rather  than  to  consumers, 
or  cars  destined  to  be  sold  outside  the  District 
of  Columbia,  as  for  example,  in  the  neighbor- 
ing States  of  Maryland  and  Virginia.  For  this 
reason,  the  total  given  by  expansion  of  the 
sample  value  of  cars  on  hand  would  probably 
be  materially  less  than  the  value  given  by  a 
physical  inventory  of  used  cars  in  the  hands 
of  District  of  Columbia  dealers.  The  quantity 
does  have  a  definite  and  important  signifi- 
cance, however — it  may  be  defined  as  the 
effective  used-car  inventory  of  District  of 
Columbia  dealers  with  respect  to  the  District 
of  Columbia  consumers'  market. 

The  curve  of  dealers'  inventories,  or  cars 
on  hand,  appears  to  follow  a  normal  trend, 
having  a  pronounced  maximum  at  the  close 
of  the  registration  year  (March  31),  and  show- 


ing the  next  highest  value  on  April  30,  just 
preceding  the  month  of  maximum  sales. 
It  was  impossible  to  carry  this  curve  beyond 
the  end  of  July,  because  of  the  absence  of 
data  regarding  sales  after  December  31,  1941. 

In  order  to  develop  an  index  of  the  rate  of 
turn-over  of  used  cars,  the  value  of  dealers' 
inventories,  or  cars  on  hand,  was  expressed 
in  terms  of  days'  supply  on  hand  by  referring 
to  the  average  daily  sales  in  the  subsequent 
month.  It  was  found  that  days'  supply, 
computed  in  this  manner,  varied  from  22  to 
28  days. 

The  rate  of  turn-over  of  used  cars  in  the 
District  of  Columbia  was  approximated  by 
another  means.  Figure  8  gives  the  average 
percentage  distribution  of  monthly  sales  of 
used  cars  by  month  in  which  the  car  was 
purchased.  It  will  be  observed  that  the  vast 
majority  of  cars  were  sold  either  in  the  month 
in  which  they  were  purchased  or  in  the  first 
month  thereafter.  On  the  other  hand,  5.3 
percent  of  the  532  cars  reported  in  the  sample 
were  sold  after  remaining  four  or  more  months 
in  the  hands  of  the  dealer.  The  weighted 
average   number  of   days   in    dealers'    hands 


was  34.9.  This  quantity  is  comparable  to 
days'  supply,  which  was  found  to  vary  from 
22  to  28  days.  That  the  weighted  average 
is  materially  greater  than  days'  supply  is  due 
to  the  weighting  computation,  which  magnifies 
the  effect  of  the  small  number  of  cars  that 
remained  in  the  dealers'  hands  for  several 
months.  It  is  probable  that  the  rate  of 
turn-over  of  used  cars  in  the  District  of  Co- 
lumbia, shown  in  this  study  to  be  in  the 
neighborhood  of  30  days,  is  materially  shorter 
than  in  the  average  State,  because  of  the  effect 
of  more  leisurely  ways  of  doing  business  in 
small  cities  and  rural  areas. 

These  examples  are  sufficient  to  illustrate 
the  wealth  of  information  regarding  the 
characteristics  of  motor-vehicle  ownership 
and  the  motor- vehicle  market  to  be  found  in 
the  files  of  certificates  of  title.  Such  material 
is  perhaps  of  more  consequence  to  the  indus- 
try than  to  highway  research,  although  it  is 
believed  that  a  knowledge  of  the  dynamics  of 
the  motor-vehicle  market  is  a  valuable  asset 
in  highway  research  and  planning,  particularly 
with  respect  to  the  forecasting  of  highway  reve- 
nue and  of  fluctuations  in  the  volume  of  travel. 
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soil-dispersion  cups. 


A  New  Soil-Dispersing  Apparatus 
For  Mechanical  Analysis  of  Soils 


BY  THE  DIVISION  OF  PHYSICAL  RESEARCH 
PUBLIC  ROADS  ADMINISTRATION 


Reported  by  A.   M.  WINTERMYER, 
Highway  Engineer 


The  complete  mechanical  analysis  of  soils 
includes  the  hydrometer  analysis  of  the 
fine-particle  fraction  of  the  sample,  sus- 
pended in  water.  In  the  present  standard 
method  of  preparing  this  suspension  a  me- 
chanical stirring  device  is  used  to  disperse 
the  soil  particles.  This  report  describes  a 
new  apparatus  utilizing  air  jets  to  stir  the 
soil-water  mixture.  The  air-jet  cup  pro- 
vides more  complete  dispersion  of  the  clay 
portion  of  plastic  soils,  yet  its  degrading 
action  is  no  greater  than  that  of  the  present 
standard  stirrer.  The  new  device  can  thus 
permit  analysis  more  nearly  representative 
of  the  actual  gradations  of  the  soils  being 
tested. 
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THE  ORIGINAL  hydrometer  method  of 
mechanical  analysis  of  soils  was  developed 
by  Bouyoucos  '  in  1927.  In  this  method  of 
test  a  hydrometer  is  used  to  determine  the 
percentage,  by  weight,  of  a  sample  of  soil 
remaining  in  suspension  in  water  after  any 
given  period  of  sedimentation.  Since  the 
velocity  of  sedimentation  of  soil  particles  of 
different  sizes  varies  in  accordance  with 
Stokes'  law,  it  is  possible  to  compute  the  maxi- 
mum grain  size  in  suspension  at  the  time  any 
hydrometer  reading  is  made.  A  series  of 
such  readings  makes  possible  the  determina- 
tion of  the  gradation  of  the  fraction  of  soil 
passing  about  the  No.  200  sieve,  which  cannot 

1  The  hydrometer  as  a  new  and  rapid  method  for  determining 
the  colloidal  content  of  soils,  and  The  hydrometer  as  a  new 
method  for  the  mechanical  analysis  of  soils,  by  G.  J.  Bouyoucos; 
Soil  Science,  vol.  23,  No.  4,  April  1927,  p.  319  and  vol.  23, 
No.  5,  May  1927,  p.  343. 


be  determined  accurately  by  dry  sieving 
methods.  These  data,  combined  with  the 
sieve  analysis  of  the  washed  material  re- 
tained on  the  No  200  sieve,  provide  complete 
mechanical  analysis  of  the  soil. 

A  modification  of  the  original  Bouyoucos 
method  was  described  in  Public  Roads  2 
in  1931.  That  modification,  with  some 
revisions,  was  adopted  by  the  American 
Association  of  State  Highway  Officials  as 
the  standard  method  of  mechanical  analysis 
of  soils.3 


1  Procedures  for  testing  soils  for  the  determination  of  the 
suhgrade  soil  constants,  by  A.  M.  Wintermyer,  E.  A.  Willis, 
and  R.  C.  Thoreen;  and  Graphical  solution  of  the  data  furnished 
by  the  hydrometer  method  of  analysis,  by  E.  A.  Willis,  F.  A. 
Robeson,  and  C.  M.  Johnston;  Public  Roads,  vol.  12,  No. 
8,  October  1931. 

s  A.  A.  S.  H.  O.  standard  test  method  T  88-42,  mechanical 
analysis  of  soils. 
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In  the  combined  sieve  and  hydrometer 
method  of  mechanical  analysis,  it  is  necessary 
to  use  a  mechanical  device  to  disperse  the 
soil  thoroughly  in  water.  The  standard 
A.  A.  S.  H.  0.  method  specifies  a  high-speed 
stirring  device  with  a  metal  paddle  and  a 
dispersion  cup  with  metal  baffles  on  its  walls, 
similar  in  appearance  to  an  electric  milk- 
shaker.  Various  investigators  have  criticized 
the  use  of  this  apparatus  on  the  ground  that 
the  agitation  was  of  such  a  nature  as  to  pro- 
duce degradation  4  of  the  coarser  soil  particles. 
In  fact,  this  criticism  was  responsible  for  the 
reduction  of  the  dispersing  time  from  15 
minutes  as  originally  proposed  to  1  minute  as 
now  specified  by  the  standard  A.  A.  S.  H.  O. 
test  method.  However,  this  modification  has 
resulted  in  decreased  efficiency  for  the  disper- 
sion of  the  clay  fraction,  especially  in  the  more 
cohesive  soils. 

This  report  describes  a  new  type  of  dispers- 
ing apparatus,  utilizing  the  turbulence  created 
by  air  jets  to  stir  the  soil-water  mixtures, 
which  has  been  developed  to  overcome  the 
faults  of  the  high-speed  stirring  device. 

CONCLUSIONS 

Comparative  tests  of  a  large  number  of  soil 
samples,  using  the  standard  A.  A.  S.  H.  0. 
high-speed  stirring  apparatus  and  the  new  air- 
jet  dispersing  cup,  are  the  basis  for  the  follow- 
ing conclusions: 

1.  The  degrading  action  of  the  air-jet  dis- 
persing cup  with  dispersing  periods  up  to  20 
minutes  is  no  greater  than  that  of  the  high- 
speed stirring  device  with  a  1-minute  dispers- 
ing period. 

2.  The  use  of  thi  air-jet  dispersing  cup  re- 
sults in  more  efficient  dispersion  of  the  clay 
fraction  of  plastic  soil  samples  than  is  obtained 
with  the  high-speed  stirrer. 

3.  The  air-jet  dispersing  cup,  when  used  in 
accordance  with  the  tentative  procedure  de- 
scribed in  this  report,  will  result  in  mechanical 
analyses  more  nearly  representative  of  the 
actual  gradations  than  those  obtained  by 
using  the  stirring  device  specified  in  the 
A.  A.  S.  H.  0.  test  method  T  88-42. 

DEVELOPMENT  OF  THE  AIR-JET 
DISPERSING  APPARATUS 

Preliminary  studies  were  conducted  to  de- 
termine the  feasibility  of  using  air  jets  for 
dispersing  soil  in  water,  the  most  effective 
shape  for  the  dispersion  cup,  the  effect  of 
using  a  baffle  plate,  and  the  influence  of  such 
variables  as  air  pressure,  time  of  dispersion, 
volume  of  mixture  to  be  dispersed,  and  method 
of  treatment  before  dispersion.  As  a  result 
of  this  exploratory  work,  an  air-jet  dispersing 
cup  was  designed  which  was  believed  to  be 
suitable  for  the  preparation  of  the  soil-water 
suspensions  required  for  the  mechanical  analy- 
sis of  soils  by  the  combined  sieve  and  hydrom- 
eter method.  A  diagrammatic  sketch  of 
this  apparatus,  identified  as  cup  A,5  is  shown 
in  figure  1. 


Table   1. — Comparison    of   mechanical   analyses    using   different    methods    of  dispersion 


Sample 
No. 


5. 
6. 
7. 
8.. 
9.. 
10 
11 

13 


Plasticity 
index 


3 

62 
36 
7 
11 
11 
NPJ 
40 
23 


Liquid 
limit 


7!) 

46 
30 
28 
37 

67 

M 


Dispersion  method 


/A.  A.  S.  H.  O.i 

\CupA2 

/A.  A.  S.  H.  O. 

\Cup^4.._. 

/A.  A.  S.  H.  0 

ICup^ 

/A.  A.  S.  H.  O 

\CupA 

/A.  A.  S.  H.  0. 

\CuvA 

/A.  A.  S.  H.  0- 

\Cupyl- _ 

/A.  A.  S.  H.  0 

ICup^l 

/A.  A.  S.  H.  O. 

\Cupv4.__ 

/A.  A.  S.  H.  O 

\Cup.4 


Percentage  of  particles  smaller  than- 


2.0  mm.     0.42  mm.  0.074  mm.  0.050  mm.  0.005  mm.  0.001  mm 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


100 
95 
94 
94 


100 
100 
100 


78 
98 


100 
100 


84 
84 
95 
95 
81 
80 
88 
86 
35 
30 
68 
50 
95 
95 
84 
79 


62 
57 
81 
82 
94 
95 
74 
70 
82 
81 
32 
26 
54 
40 
■x; 
94 
75 
71 


22 
21 
61 

63 
62 

60 
21 
18 
40 
38 
12 
II 
6 
8 
66 
72 
l.s 
41 


11 

11 

44 

4^ 

26 

27 

6 

11 

23 

.'1 

6 

5 

2 

5 

45 

41 

21 

21". 


'  Tested  in  accordance  with  A.  A.  S.  H.  O.  test  method  T  88-42. 

2  Average  results  obtained  from  tests  in  which  soil  was  dispersed  in  cup  A  using  pressures  ranging  from  2  to  20  psi,  mixing 
time  from  1  to  15  minutes,  and  various  methods  of  pretreatment. 

3  Nonplastic. 


4  As  used  in  this  article,  degradation  means  the  wearing 
down  or  breaking  of  soil  particles  into  smaller  sizes. 

1  Working  drawings  of  the  air-jet  dispersion  cups  A  and  B 
described  in  this  article  may  be  obtained  from  the  Public 
Roads  Administration. 


Compressed  air,  after  passing  through  a 
needle  valve  and  pressure  gage,  enters  an  air 
ring  encircling  the  base  of  the  apparatus. 
Six  radial  tubes  connected  to  the  ring  direct 
the  compressed  air  against  the  specially  shaped 
center  of  the  bottom  of  the  cup,  vigorously 
agitating  the  soil-water  mixture.  After  bub- 
bling through  the  liquid,  the  air  escapes 
through  a  vent  in  the  handle  of  the  cap  which 
fits  tightly  over  the  top  of  the  cup.  A  baffle 
suspended  below  the  cap  prevents  the  liquid 
from  being  thrown  against  the  vent  and  blown 
out  of  the  cup. 

The  simplified  air-jet  dispersion  cup  B  was 
subsequently  designed,  and  is  also  shown 
diagrammatically  in  figure  1.  It  differs  from 
cup  A  primarily  in  the  manner  in  which  the 
compressed  air  is  introduced.  Cup  B  has  four 
radial  air  tubes,  parallel  to  and  raised  some- 
what above  the  flat  bottom  of  the  cup.  Com- 
pressed air  is  introduced  at  the  outer  end  of 
one  tube  and,  since  the  tubes  are  intercon- 
nected at  the  center,  passes  into  the  other  three. 
Small  apertures  in  the  sides  of  the  tubes  jet 
the  compressed  air  downward  into  the  liquid. 
Cup  B  is  much  simpler  to  construct  and,  as 
will  be  shown  later,  is  practically  as  efficient 
in  dispersing  soils  as  cup  A. 

Preliminary  studies  were  made,  using  cup 
A,  to  establish  a  satisfactory  procedure  for 
using  the  ?ir-jet  device  and  to  determine 
whether  this  apparatus  would  give  results 
equal  to  or  better  than  the  standard 
A.  A.  S.  H.  O.  high-speed  stirrer.  The  results 
of  tests  on  a  group  of  representative  soils 
having  a  wide  range  in  physical  properties 
are  summarized  in  table  1.  The  values  shown 
for  the  A.  A.  S.  H.  O.  method  of  dispersion 
were  obtained  after  dispersing  the  soil  in 
accordance  with  A.  A.  S.  H.  O.  method 
T88-42;  those  shown  for  cup  A  are  average 
values  for  a  number  of  tests  in  which  the  agi- 
tating air  pressure  was  varied  from  2  to  20 
pounds  per  square  inch,  the  mixing  time  was 
varied  from  1  to  15  minutes,  and  various 
methods  of  pretreatment  were  employed. 

The  results  of  these  preliminary  tests  gave 
the  following  indications: 

1.  The  percentages  of  particles  smaller  than 
0.42  mm.  (No.  40  sieve)  and  0.074  mm.  (No. 
200  sieve)  obtained  in  the  mechanical  analyses 


using  cup  A  were  equal  to  or  less  than  the 
corresponding  percentages  obtained  by  the 
A.  A.  S.  H.  O.  method,  indicating  greater 
breakage  and  abrasion  of  the  sand  particles  in 
the  high-speed  stirring  device.  This  was 
more  apparent  in  some  soils  than  in  others 
(see  data  for  soil  samples  5,  10,  11,  and  IS 
in  table  1). 

2.  The  degrading  action  of  the  stirring 
device  was  indicated  in  most  cases  by  the 
increased  percentages  of  material  smaller 
than  0.05  mm.  (silt  and  clay)  although  a 
reversal  of  this  trend,  caused  by  the  more 
efficient  dispersion  of  the  clay  and  colloidal 
fractions  in  the  air-jet  device,  began  to  be 
apparent  in  the  analyses  of  some  soils  such  as 
samples  6,  7,  and  12. 

3.  The  percentages  of  particles  smaller  than 
0.001  mm.  obtained  in  the  analyses  using  cup 
A  were  approximately  equal  to  or  greater  than 
the  corresponding  percentages  obtained  by  the 
A.  A.  S.  H.  O.  method,  indicating  that  greater 
dispersion  was  being  obtained  with  the  air-jet 
device  for  some  soils  and  that  the  dispersing 
action  of  this  new  device  was  equal  to  that  of 
the  high-speed  stirring  apparatus  for  all  soils 
tested. 

These  exploratory  tests  also  showed  that  air 
pressure  between  2  and  20  pounds  per  square 
inch  could  be  used  without  appreciably  affect- 
ing the  particle-size  distribution  of  the  soils. 
In  all  tests  subsequently  reported,  an  air  pres- 
sure of  20  pounds  per  square  inch  was  used. 

ABRASION  CHARACTERISTICS 

In  order  to  obtain  more  conclusive  data  on 
the  abrasion  and  dispersing  characteristics  of 
the  two  types  of  dispersing  apparatus,  an  addi- 
tional series  of  tests  was  run. 

A  quartz  sand  (Potomac  River  sand)  and  a 
commercial  limestone  sand  were  selected  for 
the  study  of  the  abrasion  characteristics  of  the 
two  types  of  dispersing  apparatus.  Three 
samples  were  prepared  from  each  sand,  having 
maximum-size  particles  of  2.0  mm.,  0.42  mm., 
and  0.074  mm.,  respectively.  In  this  way,  it 
was  possible  to  study  the  effect  on  abrasion 
loss  of  maximum-particle  size  as  well  as  the 
character  of  the  sand  grains. 

The  samples  were  quartered  into  100-gram 
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Figure  2. — Change  in  particle-size  distribution  due  to  abrasion  of  soil  particles  (maximum  size  2.0  mm.) 
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individual  test  samples  which  were  dispersed 
in  each  type  of  apparatus  for  1,  5,  10,  and  20 
minutes.  All  tests  were  made  in  triplicate. 
The  average  test  results  are  shown  in  table  2. 


An  increase  in  abrasion  of  the  mineral  soil 
particles  is  indicated  by  a  decrease  in  coarse 
sizes  with  a  corresponding  increase  in  fine 
sizes. 


Table  2. — Mechanical  analyses  of  sands  after  various  periods  of  dispersion 


Dispersion  time  and  method 


Undispersed 

1  minute:      A.  A.  S.H.O. 

Cup4__. 
5  minutes: 

10  minutes: 


20  minutes: 


1  minute: 
5  minutes: 


10  minutes: 
20  minutes 


A. A.  S.H.O. 

Cup.l 

A.  A.  S.H.O. 

Cup.l 

A.  A.  S.H.O. 

Cup  A 


.  H.  0 


.H.O. 


A.  A. 

Cup  .4. 

A.  A.  " 

Cup  ,4. 

A.  A.  S.H.O.. 

Cup.l. 

A.  A  S. 

Cup.l. 


.H.O 


Undispersed 

1  minute:      A.  A 


Cup 
A.  A 
Cup 
A.  A 
Cup 
A.  A 
Cup 


Undispersed 

1  minute:      A.  A 


5  minutes: 
10  minutes: 


20  minutes: 


S.H.O. 

.4 

S.H.O. 

A 

S.H.O. 

.4 

S.H.O. 
A 


5  minutes: 
10  minutes: 


20  minutes 


1  minute: 
5  minutes: 


10  minutes: 
20  minutes: 


Cup 
A.  A 
Cup 
A. A 
Cup 
A.  A 
Cup 

A. A 
Cup 
A.  A 
Cup 
A. A 
Cup 
A.  A 
Cup 


S.H.O. 

A 

S.H.O 

A 

S.H.O. 

A 

S.H.O. 
A 


S.H.O. 

A 

S.H.O. 

A 

S.H.O. 

A 

S.H.O. 
A 


Percentage  of  particles  smaller  than- 


2.0 

mm. 


0.84 
mm. 


0.42 
mm. 


0.25 
mm. 


0.105 
mm. 


0.074 
mm. 


0.050 
mm. 


0.005 
mm. 


QUARTZ  SAND 


1  minute: 

A.A. S.H.O... 

Cup.4       

5  minutes: 

A.  A.  S.H.O... 

Cup  A   

10  minutes 

A.  A. S.H.O  

Cup.l    

20  minutes 

A. A.  S.H.O 

Cup  A 

100 
100 
100 
100 
100 
100 
100 
100 
100 


70 
78 
76 
80 
76 
81 
76 
81 
77 


37 

41 
38 
46 
38 
48 
38 
49 
39 

100 

100 
100 
100 
loo 
100 
100 

100 

100 


9 
12 
10 
19 
10 
23 
11 
24 
12 

75 
75 
75 
76 
75 
76 
75 


0 

2 
1 
8 
1 

11 
2 

14 
3 

17 
18 
17 
19 
18 
19 
18 
21 
19 


0 
2 
1 
6 
1 
9 
1 
12 
2 

0 

2 
2 
3 
2 
4 
3 
5 
4 

100 
100 
100 
100 
100 
100 
100 
loo 


LIMESTONE  SAND 


100 
100 
ICO 
100 
100 
100 
100 
100 
100 


48 
53 
48 
65 
49 
67 
49 
73 
51 


23 
29 
24 
40 
25 
45 
26 
53 
27 

100 
100 
100 
100 
100 
100 
100 
100 
100 


15 
20 
17 
30 
17 
37 
18 
46 
19 

55 
63 
61 
66 
63 
69 
63 
72 
65 


5 
10 

8 
19 

8 
28 

9 
37 

9 

18 
24 
23 
29 
25 
32 
26 
37 
28 


0 
5 
3 

13 
3 

22 
4 

33 
5 

0 
6 
5 

10 
6 

13 
7 

18 
9 

100 
100 
100 
100 
100 
100 
100 
100 


29 
4 


6 
12 

7 
17 

8 

72 
71 
79 
79 
80 


80 


0.001 
mm. 


Figures  2  and  3  show  graphically  the 
results  of  the  study  of  abrasion  characteristics 
of  the  two  types  of  dispersing  apparatus.  In 
these  figures  the  increases  in  the  percentage 
smaller  than  any  given  size  (differences 
between  the  results  of  the  analyses  before  and 
after  dispersion)  are  plotted  against  the 
respective  grain  sizes  produced  by  the  two 
types  of  apparatus  in  1-,  5-,  10-,  and  20- 
minute  dispersing  periods. 

A  study  of  these  comparative  test  data 
shows  that: 

1.  The  abrasion  losses  are  greater  for 
samples  dispersed  in  the  standard  high-speed 
stirring  device  than  for  similar  samples  dis- 
persed for  an  equal  length  of  time  in  the  air-jet 
dispersion  cup. 

2.  Degradation  of  the  sand  particles  in- 
creases with  increased  time  of  dispersion  in 
both  types  of  apparatus.  The  increase  in 
degradation  with  dispersion  time  is  much 
greater  in  the  stirring  device  than  in  the 
air-jet  cup. 

3.  The  abrasion  losses  in  the  standard 
stirrer  are  much  greater  in  samples  containing 
particles  having  a  maximum  grain  size  of  2.0 
mm.  than  in  samples  having  maximum  grain 
sizes  of  0.42  mm.  or  0.074  mm. 

4.  The  degradation  of  the  sand  samples 
containing  particles  with  a  maximum  size  of 
2.0  mm.  when  dispersed  for  20  minutes  in 
cup  A  was  less  than  that  which  occurred  when 
duplicate  samples  were  dispersed  for  1  minute 
in  the  standard  stirring  device. 

5.  The  amount  of  abrasion  occurring  in  the 
samples  having  a  maximum  particle  size  of 
0.074  mm.  was  negligible. 

6.  The  mineral  composition  of  the  sand 
grains  appears  to  be  a  factor  influencing  the 
degradation.  In  the  tests  reported  here,  the 
quartz  sand  was  more  resistant  to  fracture 
and  abrasion  than  the  limestone  sand.  How- 
ever, it  is  not  known  to  what  extent  the  shape 
and  hardness  of  the  mineral  particles  affect 
the  abrasion  loss,  since  these  factors  were  not 
studied  separately  during  this  investigation. 

It  appears  then,  that  for  sandy  soils  the  use 
of  the  air-jet  type  of  dispersion  cup  will 
result  in  lower  abrasion  losses  than  those 
which  are  to  be  expected  when  the  standard 
A.  A.  S.  H.  0.    dispersing    procedure    is    fol- 
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Figure  3- — Change  in  particle-size  distribution  due  to  abrasion  of  soil  particles  (maximum  size  0.42  mm.). 


lowed.  In  this  connection,  it  was  indicated 
that  degradation  could  be  materially  reduced 
if  the  standard  procedure  required  that  the 
combined  sieve  and  hydrometer  analysis  be 
made  on  the  fraction  passing  the  No.  40  sieve 
(0.42  mm.)  instead  of  on  the  fraction  passing 
the  No.  10  sieve  (2.0  mm.). 

DISPERSING  CHARACTERISTICS 

Two  clay  soils  were  selected  to  study  the 
dispersing  characteristics  of  the  two  types  of 
agitating  devices.  Test  samples  were  pre- 
pared in  a  manner  similar  to  that  used  for  the 
two  sands  except  that  50-gram  instead  of 
100-gram  individual  test  samples  were  used. 
Tests  were  made  in  each  device  for  dispersing 
time  intervals  of  1,  5,  10,  and  20  minutes  and 
for  test  samples  having  maximum  particle 
sizes  of  2.0  mm.,  0.42  mm.,  and  0.074  mm. 
In  all  tests  in  this  series,  the  samples  were 
soaked  in  water  for  18  hours  prior  to  dis- 
persion. The  results  of  tests  are  shown  in 
table  3.  Each  value  is  the  average  of  the 
results  obtained  on  three  samples. 

A  study  of  the  test  data  for  the  Coastal 
Plain  clay  soil  shows  that  for  samples  having 
maximum  particle  sizes  of  2.0  mm.  and  0.42 
mm.  there  is  very  little  difference  in  the  dis- 
persing characteristics  of  the  two  types  of 
dispersing  devices  as  measured  by  the  per- 
centages smaller  than  0.005  mm.  and  0.001 
mm.  About  the  same  degree  of  dispersion 
was  obtained  in  both  devices  with  the  1- 
minute  mixing  period  as  with  the  20-minute 
period.  For  the  samples  passing  the  No.  200 
sieve,  however,  the  percentage  of  colloidal 
material  increased  very  considerably  with  in- 
creased time  of  dispersion.  The  air-jet  dis- 
persion was  more  effective  at  all  dispersion 
periods. 

The  study  of  the  test  data  for  the  Piedmont 
Plateau  region  clay  soil  indicates  that  the  dis- 
persing time  is  an  important  factor  to  be  con- 
sidered for  this  type  of  cohesive  soil.  The 
percentage  of  particles  smaller  than  0.001 
mm.  increased  with  an  increase  in  the  time  of 
dispersion.  The  greatest  change  occurred 
between  the  1-  and  5-minute  periods.  Also, 
there  was  a  marked  difference  in  the  dispersing 
characteristics  of  the  two  types  of  dispersion 
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cups.  The  degree  of  dispersion  at  the  end  of 
5  minutes  for  the  air-jet  device  was  greater 
than  that  found  at  the  end  of  20  minutes  for 
the    standard    stirring    apparatus. 


It  appears  from  the  study  of  these  data 
that  the  dispersing  time  for  cohesive  soils 
should  be  increased  over  the  1-minute  period 
specified  in  the  A.  A.  S.  H.  O.  method  in  order 


Table  3. — Mechanical  analyses  of  clay  soils  after  various  periods  of  dispersion 


Dispersion  time  and  method 

Percentage  of  particles  smaller  than — 

2.0  mm. 

0.42  mm. 

0.074  mm. 

0.050  mm. 

0.005  mm. 

0.001  mm. 

COASTAL 

PLAIN  SOIL' 

1  minute:    A.  A.  S.  H.  0 

100 
100 
100 
100 
100 
100 
100 
100 

96 
96 
96 
96 
96 
96 
96 
96 

100 
100 
100 
100 
100 
100 
100 
100 

67 
67 
68 
68 
69 
67 
69 
68 

66 
66 
66 
67 
67 
66 
67 
67 

100 
100 
100 
100 
100 
100 
100 
100 

63 
63 
64 
64 
64 
63 
64 
65 

62 
62 
62 
62 
62 
62 
62 
62 

94 
94 
94 
95 
94 
94 
94 
92 

42 

41 
44 
44 
42 
43 
44 
45 

42 
42 
42 
42 
42 
42 
42 
42 

54 
58 
60 
61 
60 
62 
61 
61 

31 
32 
31 
32 
32 
32 
32 
34 

30 
30 
31 
30 
31 
32 
31 
32 

31 
36 
38 
42 
40 
44 
42 
45 

CupA.... 

5  minutes:  A.  A.  S.  H.  0 

Cup  .4 

10  minutes:  A.  A.  S.  H.  0.. - 

CupA 

20  minutes:  A.  A.  S.  H.  O 

Cup  ,4 ._.. 

1  minute:    A.  A.  S.  H.  O 

CupA  .   

5minutes:  A.  A.  S.  H.  O 

CupA      

10  minutes:  A.  A.  S.  H.  0 _ 

CupA          

20  minutes:  A.  A.  S.  H.  O        

Cup  A                         

1  minute:    A.  A.  S.  H.  O 

CupA        

CupA  .  

10  minutes-  A.  A.  S.  H.  O     -            .     .  -- 

CupA          

20  minutes:  A.  A.  S.  H.  O 

CupA  _  

PIEI 

)MONT 

PLATEAU  SOIL2 

1  minute:    A.  A.  S.  H.  O 

CupA           

100 
100 
100 
100 
100 
100 
100 
100 

91 
91 
93 
91 
92 
92 
94 
92 

100 
100 
100 
100 
100 
100 
100 
100 

82 
81 
83 
82 
84 
82 
85 
83 

87 
87 
88 
87 
88 
88 
88 
88 

100 
100 
100 
100 
100 
100 
100 
100 

79 
79 
80 
79 
82 
81 
83 
80 

85 
84 
85 
84 
85 
86 
85 
86 

96 
95 
96 
96 
96 
96 
96 
96 

59 
57 
62 
63 
63 
64 
64 
65 

60 
59 
65 
66 
65 
68 
66 
67 

64 
68 
67 
68 
67 
68 
66 
66 

30 
34 
42 
50 
43 
53 
48 
55 

30 
32 
41 
50 
44 
54 
46 
54 

34 
37 
43 
52 
46 
53 
50 
57 

5  minutes:  A.  A.  S.  H.  O 

CupA  .  

10  minutes:  A.  A.  S.  H.  0 

CupA       

20  minutes:  A.  A.  S.  H.  O - 

CupA..   _. 

1  minute:    A.  A.  S.  H.  O 

CupA          .-_ 

CupA          _ _ 

10  minutes:  A.  A.  S.  H.  O 

CupA --- 

20  minutes:  A.  A.  S.  H.  O 

CupA      _ 

1  minute:    A.  A.  S.  H.  0 — 

5  minutes:  A.  A.  S.  H.  O. 

CupA  .      

10  minutes:  A.  A.  S.  H.  O - - 

CupA      

20  minutes:  A.  A.  S.  H.  O 

Cup  A          

i  A  reddish -brown  heavy  clay  soil  derived  from  the  weathering  of  unconsolidated  sediments  of  the  Coastal  Plain  region, 
with  liquid  limit  of  50,  plasticity  index  of  28,  and  specific  gravity  of  2.73.  . 

2  A  yeUo w  tenaceous  residual  clay  derived  from  the  weathering  of  di  abasic  rocks  of  the  Piedmont  Plateau  region,  with  liquid 
limit  of  76,  plasticity  index  of  49,  and  specific  gravity  of  2.79. 
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TENTATIVE  PROCEDURE   FOR   USING  AIR-JET  DISPERSION  APPARATUS 


The  representative  soil  sample,  prepared 
according  to  the  A.  A.  S.  H.  O.  standard 
method  T  87-42,  shall  be  weighed  and  placed 
in  a  250-ml.  beaker.  Then  about  150  ml. 
of  distilled  water  shall  be  added  and  the 
soil-water  mixture  stirred  until  the  soil  is 
thoroughly  wetted.  This  mixture  shall  be 
allowed  to  soak  for  at  least  1  hour.  It  is 
recommended  that  plastic  clay  soils  difficult 
lo  disperse  be  permitted  to  soak  overnight, 
to  facilitate  the  dispersion  of  the  soil 
colloids. 

The  air-jet  dispersion  apparatus  shall  be 
assembled  without  the  cover  cap  in  place. 
The  needle  valve  controlling  the  line  pres- 
sure shall  be  opened  until  the  pressure  gage 
indicates  1  pound  per  square  inch  air  pres- 
sure.    This  initial  air  pressure  is  required 


to  prevent  the  soil-water  mixture  from 
entering  the  air-jet  tubes  when  the  mixture 
is  transferred  to  the  dispersion  cup.  After 
the  apparatus  is  adjusted,  the  soil-water 
mixture  shall  be  transferred  from  the  beaker 
to  the  dispersion  cup,  using  a  wash  bottle  to 
assist  in  the  transfer  operation.  The  de- 
flocculating  agent  as  specified  in  A.  A.  S. 
H.  O.  method  T  88-42  shall  then  be  added. 
The  volume  of  the  soil-water  mixture  in 
the  dispersion  cup  shall  not  exceed  250  ml. 
The  cover  and  affixed  baffle  plate  shall  be 
placed  upon  the  dispersion  cup  and  the 
needle  valve  opened  until  the  pressure  gage 
reads  20  pounds  per  square  inch.  The  soil- 
water  mixture  shall  be  dispersed  for  5,  10, 
or  15  minutes  depending  upon  the  plasticity 
index  of  the  soil:  Soils  with  a  plasticity  index 


of  5  or  less  shall  be  dispersed  for  5  minutes; 
soils  with  a  plasticity  index  between  6  and  20 
for  10  minutes;  and  soils  with  a  plasticity 
index  greater  than  20  for  15  minutes.  Soils 
containing  large  percentages  of  mica  need 
be  dispersed  for  1  minute  only. 

At  the  end  of  the  dispersion  period,  the 
needle  valve  shall  be  closed  until  the  pres- 
sure gage  indicates  1  pound  per  square  inch. 
The  cover  shall  be  removed  and  all  adhering 
soil  particles  washed  back  into  the  disper- 
sion cup.  The  soil-water  suspension  shall 
then  be  washed  into  the  1,000-ml.  glass 
graduate  and  the  needle  valve  closed.  The 
remainder  of  the  test  procedure  follows 
A.  A.  S.  H.  O.  method  T  88-42  for  the  me- 
chanical analysis  of  soils. 


to  insure  adequate  dispersion  of  the  clay  frac- 
tion. Since  the  cohesion  is  related  to  the 
plasticity,  the  time  of  dispersion  should  logic- 
ally be  varied  with  the  plasticity  index  of  the 
soil;  that  is,  a  short  dispersion  period  should 
be  used  for  soils  with  low  plasticity  indexes, 
an  intermediate  period  for  soils  with  moderate 
plasticity  indexes,  and  longer  dispersion  periods 
for  soils  having  high  plasticity  indexes. 

USING  THE  AIR-JET  APPARATUS 

A  tentative  method  of  preparing  soil-water 
suspensions  for  the  mechanical  analysis  of  soils 
by  the  hydrometer  method  using  the  new  type 
of  air-jet  dispersion  cup  has  been  prepared, 
based  on  the  comparative  testing  of  a  large 
number  of  soils.     The  results  of  tests  on  a 


few  of  the  more  representative  soils  are  used 
in  this  report  to  indicate  the  relative  per- 
formance of  the  air-jet  dispersion  cup  as 
compared  with  the  standard  stirring  device. 
The  method  for  the  preparation  of  soils  for 
test  and  the  determination  of  particle-size 
distribution  from  the  soil-water  suspension  by 
the  soil  hydrometer  is  the  same  as  that  desig- 
nated in  the  A.  A.  S.  H.  0.  standard  methods 
T  87-42  and  T  88-42.  The  only  changes  in 
the  procedure  are  those  required  for  using  the 
air-jet  dispersing  cup  instead  of  the  standard 
high-speed  stirrer  and  the  use  of  different  dis- 
persion-time periods  based  upon  the  plas- 
ticity index  of  the  soils.  The  tentative  pro- 
cedure for  using  the  air-jet  dispersion  cup  is 
presented  elsewhere  on  this  page. 


DISPERSION  CHARACTERISTICS  OF 
REPRESENTATIVE  SOILS 

A  series  of  representative  soils  were  tested 
using  the  standard  stirrer  and  the  two  air-jet 
dispersing  cups  (A  and  B)  for  the  preparation 
of  the  soil-water  suspensions.  The  soil 
samples  dispersed  by  the  standard  stirring 
device  were  tested  in  accordance  with  the 
standard  A.  A.  S.  H.  O.  method  T  88-42. 
The  samples  dispersed  by  the  two  types  of 
air-jet  dispersing  cup  were  tested  in  accord- 
ance with  the  tentative  procedure  except  that 
all  soils  were  soaked  for  18  hours  prior  to  dis- 
persion. The  results  of  tests  on  this  series  of 
representative  soils  are  given  in  table  4. 
(Continued  on  page  108) 


Table  4. — Comparative  mechanical  analyses  using  three  dispersion  devices 


Soil 


Sample 
No. 


Type 


Derivation 


Source 


Liquid 
limit 


Plas- 
ticity 
index 


Dispersion 
method 


Percentage  of  particles  smaller  than— 


2.0  mm. 


0.42  mm. 


0.074  mm. 


0.050  mm. 


0.005  mm. 


0.001  mm. 


Plastic  clay- 
Clay 

....do 

....do. 

..-.do 

....do- 

Silt-_ 

Muck 

Sand-clay... 

Sand.. 

...do 

Sand' 


Weathering  of  dia- 
basic  rocks. 

Unconsolidated 
sediments. 

Marl  or  chalk  de- 
posits. 

Weathering  of  gla- 
cial till. 

Loess 


Weathering  of  gla- 
cial till. 

Weathering     of 
loess. 

Tidal  flats 


Weathering  of 
granitic  rocks. 

..-.do. _... 


Piedmont  Plateau  of 
Virginia. 

Coastal  Plain  of  Vir- 
ginia. 

Coastal   Plain   of 
Texas. 


Minnesota  . 
Mississippi. 
Wisconsin,  _ 

Iowa 

Virginia 


Coastal  Plain  of  Ala- 
bama. 

Piedmont  Plateau  of 
Virginia. 


-do- 


Coastal    Plain    of 
South  Carolina. 


67 
54 
51 
42 
31 
33 
35 
23 
37 
40 
NP 


62 

40 

32 

21 

17 

15 

7 

7 

4 

NP' 

NP 

NP 


(A.  A.  S.  H.  O 

{Cup.4 

[Cup  B 

(A.  A.  S.  H.  0 

{Cup  A 

ICupB. 

|A.  A.  S.  H.  O 

{Cup  A 

ICupB.- 

A.  A.  S.  H.  0 

{Cup  A. 

ICupB. 

|A.  A.  S.  H.  O 

{Cup  A 

ICup  B 

|A.  A.  S.  H.  O 

{Cup  A 

ICupB 

|A.  A.  S.  H.  O 

{Cup^l 

(Cup  B 

(A.  A.  S.  H.  O 

{Cup  A 

ICupB 

A.  A.  S.  H.  O 

Cup  .4 

Cup  B 

A.  A.  S.  H.  0 

Cup^l 

CupB 

A.  A.  S-  H.  O 

Cup  A 

Cup  B 

A.  A.  S.  H.  O 

Cup  A 

CupB 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


100 
100 
100 
94 
95 
95 
100 
100 
100 
93 
93 
93 
100 
100 
100 
99 
100 
99 
83 
84 


95 
94 
94 
SO 
82 
75 
78 
75 


83 

84 

83 

95 

96 

95 

79 

79 

79 

76 

83 

73 

100 

100 

100 

73 

73 

73 

99 

100 

100 

89 

90 

90 

22 

25 

23 

68 

57 

49 

36 

30 

36 

3 

4 

3 


80 
82 
80 
93 
95 
93 
72 
72 
71 
70 
76 


70 
68 


80 
82 
81 
21 
22 
22 
54 
47 
41 
28 
25 
29 
3 
4 
3 


58 
65 
61 
70 
75 
70 
35 
44 
42 
16 
33 
30 
34 
48 
44 
30 
40 
40 
11 
17 
14 
16 
26 
27 
18 
19 
19 
6 


32 

52 

51 

46 

50 

48 

13 

32 

29 

6 

18 

16 

7 

19 

16 

10 

22 

21 

2 

7 

5 

5 


14 
17 
17 
2 
6 
4 
2 
3 
5 
1 
2 
2 


Non  plastic. 


1  Contains  some  shell  fragments. 
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The  Federal-aid  Highway  Act  of  1948 


IFublic  Law  834 — 80th  Congress] 
[Chapter  732 — 2d  Session] 

[H.  R.  5888] 

AN  ACT 

To  amend  and  supplement  the  Federal-aid  Road  Act 
approved  July  11,  1916  (39  Stat.  355),  as  amended  and 
supplemented,  to  authorize  appropriations  for  continuing 
the  construction  of  highways,  and  for  other  purposes. 

Be  it  enacted  by  the  Senate  and  House  of 
Representatives  of  the  United  States  of  America 
in  Congress  assembled,  That  for  the  purpose 
of  carrying  out  the  provisions  of  the  Federal- 
Aid  Road  Act  approved  July  11,  1916  (39 
Stat.  355),  and  all  Acts  amendatory  thereof 
and  supplementary  thereto,  and  for  continuing 
the  construction  and  reconstruction  of  high- 
ways in  accordance  with  the  provisions  of  the 
Federal-aid  Highway  Act  of  1944  approved 
December  20,  1944  (58  Stat.  838),  there  is 
hereby  authorized  to  be  appropriated  the  sum 
of  $450,000,000  for  the  fiscal  year  ending 
June  30,  1950,  and  a  like  sum  for  the  fiscal 
year  ending  June  30,  1951. 

The  sum  herein  authorized  for  each  fiscal 
year  shall  be  available  for  expenditure  as 
follows: 

Forty-five  per  centum  for  projects  on  the 
Federal-aid  highway  system. 

Thirty  per  centum  for  projects  as  set  forth 
in  paragraph  (b)  of  section  3  of  the  Federal- 
aid  Highway  Act  of  1944  (58  Stat.  838),  except 
that  for  the  purposes  of  this  Act  and  all  sub- 
sequent Acts  continuing  the  postwar  con- 
struction and  reconstruction  of  highways  in 
accordance  with  the  provisions  of  the  Federal- 
aid  Highway  Act  of  1944,  (1)  the  term  "secon- 
dary and  feeder  roads"  and  the  term  "principal 
secondary  and  feeder  roads",  wherever  used  in 
the  Federal-aid  Highway  Act  of  1944,  shall 
include  county  and  township  roads;  and  (2) 
in  selecting  county  and  township  roads  on 
which  funds  are  to  be  expended,  the  State 
highway  departments  shall  cooperate  with 
township  trustees  and  other  appropriate  local 
road  officials;  and 

Twenty-five  per  centum  for  projects  on  the 
Federal-aid  highway  system  in  urban  areas. 

The  said  sums,  respectively,  for  any  fiscal 
year,  shall  be  apportioned  among  the  several 
States  in  the  manner  now  provided  by  law  and 
in  accordance  with  the  formulas  set  forth  in 
section  4  of  the  Federal-aid  Highway  Act  of 
1944  approved  December  20,  1944:  Provided, 
That  the  authorization  for  the  fiscal  year  ending 
1950  shall  be  apportioned  among  the  States 
as  soon  as  practicable  after  July  1,  1948,  but 
not  later  than  September  1,  1948. 

Any  sums  apportioned  to  any  State  under 
the  provisions  of  this  section  shall  be  availa- 
ble for  expenditure  in  that  State  for  two  fiscal 
years  after  the  close  of  the  fiscal  year  for  which 
such  sums  are  authorized,  and  any  sums 
apportioned  to  any  State  under  section  4  of 
the  Federal-aid  Highway  Act  of  1944, 
approved  December  20,  1944,  shall  be  availa- 
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ble  for  expenditure  in  that  State  for  three  fiscal 
years  after  the  close  of  the  fiscal  year  for 
which  such  sums  are  authorized  and  any 
amount  so  apportioned  remaining  unexpended 
at  the  end  of  such  period  shall  lapse:  Pro- 
vided, That  such  funds  for  any  fiscal  year, 
including  any  funds  authorized  to  be  appro- 
priated under  this  Act,  shall  be  deemed  to 
have  been  expended  if  a  sum  equal  to  the 
total  of  the  sums  apportioned  to  the  State  for 
such  fiscal  year  is  covered  by  formal  agree- 
ments with  the  Commissioner  of  Public 
Roads  for  the  improvement  of  specific  proj- 
ects as  provided  by  this  Act. 

Sec.  2.  The  Commissioner  of  Public  Roads 
is  hereby  directed  to  cooperate  with  the  State 
highway  departments  in  a  study  of  the  status 
of  improvement  of  the  National  System  of 
Interstate  Highways,  designated  in  accord- 
ance with  the  provisions  of  section  7  of  the 
Federal-aid  Highway  Act  of  1944;  to  invite 
the  cooperation  and  suggestions  of  the  Secre- 
tary of  Defense  and  the  National  Security 
Resources  Board  as  to  their  indicated  or  poten- 
tial needs  for  improved  highways  for  the 
national  defense;  and  to  supplement,  not  later 
than  April  1,  1949,  the  report  dated  February 
1,  1941,  entitled  "Highways  for  the  National 
Defense"  (Seventy-seventh  Congress,  first 
session),  to  reflect  current  conditions  and 
deficiencies. 

Sec.  3.  (a)  For  the  purpose  of  carrying  out 
the  provisions  of  section  23  of  the  Federal 
Highway  Act  (42  Stat.  218),  as  amended  and 
supplemented,  there  is  hereby  authorized  to 
be  appropriated  (1)  for  forest  highways  the 
sum  of  $20,000,000  for  the  fiscal  year  ending 
June  30,  1950,  and  a  like  sum  for  the  fiscal 
year  ending  June  30,  1951,  subject  to  the  pro- 
vision of  section  9  of  the  Federal-aid  High- 
way Act  of  1944  respecting  the  apportionment 
for  forest  highways  in  Alaska;  and  (2)  for 
forest  development  roads  and  trails  the  sum  of 
$17,500,000  for  the  fiscal  year  ending  June  30, 
1950,  and  a  like  sum  for  the  fiscal  year  ending 
June  30,  1951:  Provided,  That  immediately 
upon  the  passage  of  this  Act  the  appropria- 
tion herein  authorized  for  forest  highways  for 
the  fiscal  year  ending  June  30,  1950,  shall  be 
apportioned  by  the  Federal  Works  Adminis- 
trator for  expenditure  in  the  several  States, 
Alaska,  and  Puerto  Rico,  according  to  the 
area  and  value  of  the  land  owned  by  the 
Government  within  the  national  forests  there- 
in which  the  Secretary  of  Agriculture  is  here- 
by directed  to  determine  and  certify  to  him 
from  such  information,  sources,  and  depart- 
ments as  the  Secretary  of  Agriculture  may 
deem  most  accurate,  and  hereafter,  on  or  be- 
fore January  1  next  preceding  the  commence- 
ment of  each  succeeding  fiscal  year  the  Fed- 
eral Works  Administrator  shall  make  like 
apportionment  of  the  appropriation  author- 
ized for  such  fiscal  year;  Provided  further, 
That  the  Commissioner  of  Public  Roads  may 
incur  obligations,  approve  projects,  and  enter 


into  contracts  under  the  apportionment  of 
such  authorizations,  and  his  action  in  so  doing 
shall  be  deemed  a  contractual  obligation  of 
the  Federal  Government  for  the  payment  of 
the  cost  thereof:  Provided  further,  That  the 
appropriations  made  pursuant  to  authoriza- 
tions heretofore,  herein,  and  hereafter  enacted 
for  forest  highways  shall  be  considered  availa- 
ble to  the  Commissioner  of  Public  Roads  for 
the  purpose  of  discharging  the  obligations 
created  hereunder  in  any  State  or  Territory: 
Provided  further.  That  the  total  expenditures 
on  account  of  any  State  or  Territory  shall  at 
no  time  exceed  its  authorized  apportionment: 
Provided  further,  That  appropriations  for 
forest  highways  shall  be  administered  in  con- 
formity with  regulations  jointly  approved  by 
the  Federal  Works  Administrator  and  the 
Secretary  of  Agriculture:  Provided  fur! her. 
That  the  Commissioner  of  Public  Roads  shall 
transfer  to  the  Chief  of  the  Forest  Service 
from  appropriations  for  forest  highways  such 
amounts  as  may  be  needed  to  cover  necessary 
administrative  expenses  of  the  Forest  Service 
in  connection  with  the  forest-highway  pro- 
gram. 

(b)  The  authorization  in  section  9  of  the 
Federal-aid  Highway  Act  of  1944  for  forest 
highways  for  the  fiscal  year  ending  June  30, 
1 948,  is  hereby  canceled. 

(c)  Hereafter,  construction  work  on  forest- 
development  roads  and  trails,  pursuant  to  the 
provisions  of  section  23  of  the  Federal  High- 
way Act  of  November  9,  1921,  as  amended 
and  supplemented,  estimated  to  cost  $10,000 
or  more  per  mile,  exclusive  of  bridges,  shall 
be  advertised  and  let  to  contract.  If  such 
estimated  cost  is  less  than  $10,000  per  mile, 
or  if,  after  proper  advertising,  no  acceptable 
bid  is  received,  or  the  bids  are  deemed  exces- 
sive, the  work  may  be  done  by  the  Secretary 
of  Agriculture  on  his  own  account. 

Sec.  4.  (a)  For  the  construction,  reconstruc- 
tion, improvement,  and  maintenance  of  roads 
and  trails,  inclusive  of  necessary  bridges,  in 
national  parks,  monuments,  and  other  areas 
administered  by  the  National  Park  Service, 
including  areas  authorized  to  be  established 
as  national  parks  and  monuments,  and  na- 
tional park  and  monument  approach  roads 
authorized  by  the  Act  of  January  31,  1931  (46 
Stat.  1053),  as  amended,  there  is  hereby  au- 
thorized to  be  appropriated  the  sum  of 
$10,000,000  for  the  fiscal  year  ending  June  30, 
1950,  and  a  like  sum  for  the  fiscal  year  ending 
June  30,  1951. 

(b)  For  the  construction  and  maintenance 
of  parkways,  to  give  access  to  national  parks 
and  national  monuments,  or  to  become  con- 
necting sections  ot  a  national  parkway  plan, 
over  lands  to  which  title  has  been  transferred 
to  the  United  States  by  the  States  or  by  pri- 
vate individuals,  there  is  hereby  authorized  to 
be  appropriated  the  sum  of  $10,000,000  for 
the  fiscal  year  ending  June  30,  1950,  and  a  like 
sum  for  the  fiscal  year  ending  June  30,  1951. 
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(c)  For  the  construction,  improvement,  and 
maintenance  of  Indian  reservation  roads  and 
bridges  and  roads  and  bridges  to  provide  access 
to  Indian  reservations  and  Indian  lands  under 
the  provisions  of  the  Act  approved  May  26, 
1928  (45  Stat.  750),  there  is  hereby  authorized 
to  be  appropriated  the  sum  of  $6,000,000  for 
the  fiscal  year  ending  June  30,  1950,  and  a 
like  sum  for  the  fiscal  year  ending  June  30, 
1951:  Provided,  That  the  location,  type,  and 
design  of  all  roads  and  bridges  constructed 
shall  be  approved  by  the  Public  Roads  Admin- 
istration before  any  expenditures  are  made 
thereon,  and  all  such  construction  shall  be 
under  the  general  supervision  of  the  Public 
Roads  Administration. 

Sec.   5.  All  provisions   of    the   Federal-aid 


Highway  Act  of  1944,  approved  December  20, 
1944  (58  Stat.  838),  not  inconsistent  with  this 
Act,  shall  remain  in  full  force  and  effect. 

Sec.  6.  The  first  paragraph  of  section  21  of 
the  Federal  Highway  Act,  approved  Novem- 
ber 9,  1921  (23  U.  S.  C.  21),  is  hereby  amended 
to  read  as  follows: 

"That  so  much,  not  to  exceed  3%  per 
centum,  of  all  moneys  appropriated  or  au- 
thorized to  be  appropriated  for  expenditure 
under  the  provisions  of  this  Act,  as  the 
Federal  Works  Administrator  may  deem 
necessary  for  administering  the  provisions  of 
this  Act  and  for  carrying  on  necessary  high- 
way research  and  investigational  studies 
independently  or  in  cooperation  with  the 
State  highway  departments  and  other  research 


agencies,  and  for  publishing  the  results  thereof, 
shall  be  deducted  therefrom  for  such  purposes 
when  the  apportionment  is  made  and  the 
amount  so  deducted  shall  be  available  until 
expended  from  appropriations  made  under  the 
provisions  of  this  Act:  Provided,  That  should 
the  apportionment  of  the  amounts  authorized 
for  the  third  postwar  fiscal  year  be  made  in 
accordance  with  section  4  of  the  Federal-aid 
Highway  Act  of  1944  before  the  approval  of 
this  Act,  a  revised  apportionment  may  be 
made  and  the  increased  amount  authorized 
by  this  section  deducted  for  administration, 
research,  and  investigational  studies." 

Sec.  7.  This  Act  may  be  cited  as  the  "Fed- 
eral-aid Highway  Act  of  1948". 

Approved  June  29,  1948. 


The  data  presented  are  representative  of  a 
large  number  of  analyses  made  on  soils  rang- 
ing from  nonplastic  sands  through  heavy 
plastic  clays.  The  tests  show  that  the  use  of 
the  air-jet  dispersion  cup  in  accordance  with 
the  tentative  procedure  recommended  does 
not  degrade  the  soil  sample  more  than  the 
1-minute  dispersion  called  for  in  the  standard 
A.  A.  S.  H.  O.  method  T  88-42,  and  that  more 
efficient  dispersion  of  the  clay  fraction  is 
accomplished. 

There  appears  to  be  very  little  difference  in 
the  dispersing  efficiency  of  the  two  types  of 
air-jet  dispersing  cups.  Cup  A  shows  slightly 
better  dispersing  characteristics  than  the 
simplified  design,  cup  B,  for  the  heavier  soils 
shown  in  table  4. 

In  a  few  instances,  in  some  of  the  analyses 
not  reported  in  detail  in  this  report,  the  degree 
of  dispersion  obtained  with  cup  B  was  slightly 
less  than  that  obtained  with  the  standard 
stirring  device.  This  was  not  the  case  with 
cup  A.     In  every  instance  the  degree  ofdis- 


(Continvcd  from  page  106) 

persion  obtained  with  cup  A  was  greater  than 
that  obtained  with  the  standard  disperser. 

SUMMARY 

The  test  data  obtained  led  to  the  following 
general  conclusions: 

1.  The  use  of  the  high-speed  stirring  device 
specified  in  A.  A.  S.  H.  O.  method  T88-42  for  the 
preparation  of  soil-water  suspensions  for  the 
combined  sieve  and  hydrometer  analysis  of 
soils  results  in  degradation  of  the  sand  par- 
ticles. This  action  is  most  pronounced  in  the 
fraction  between  the  No.  10  (2.0  mm.)  and  the 
No.  40  (0.42  mm.)  sieves.  The  hardness  of 
the  sand  grains  is  a  factor  in  the  amount  of 
degradation  that  occurs. 

2.  The  degrading  action  of  the  air-jet  dis- 
persing cup  with  dispersing  periods  up  to  20 
minutes  is  no  greater  than  that  of  the  high- 
speed stirring  device  with  a  1-minute  dispers- 
ing period. 

3.  The  use  of  the  air-jet  dispersing  cup  re- 


sults in  more  efficient  dispersion  of  the  clay 
fraction  of  plastic  soil  samples  than  is  obtained 
with  the  high-speed  stirrer. 

4.  The  efficiency  of  the  original  air-jet  dis- 
persion apparatus,  cup  A,  is  slightly  greater 
than  that  found  for  the  simplified  design,  cup 
B.  However,  it  is  questionable  whether  the 
increased  efficiency  would  justify  the  addi- 
tional cost  of  cup  A. 

5.  The  maintenance  costs  for  the  air-jet  type 
dispersion  cup  are  considerably  less  than  for 
the  standard  stirrer  since  it  contains  no  moving 
parts. 

6.  The  use  of  the  air-jet  dispersing  cup, 
either  type  A  or  type  B,  in  accordance  with 
the  tentative  procedure  contained  in  this  re- 
port in  which  the  dispersing  time  is  varied  with 
the  plasticity  index,  will  result  in  mechanical 
analyses  more  nearly  representative  of  the 
actual  gradations  than  those  obtained  by 
using  the  stirring  device  called  for  in  the 
A.  A.  S.  H.  O.  method  for  mechanical  analysis 
of  soils. 
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Figure  1. — Filling  the  4- 
inch  mold  to  produce  a 
compressed  specimen. 


Further  Developments  and  Application  of  the 
Immersion-Compression  Test 


BY  THE  DIVISION  OF  PHYSICAL  RESEARCH 
PUBLIC  ROADS  ADMINISTRATION 


Reported  by  J.  T.   PAULS,  Principal   Highway  Engineer 
and  J.  F.  GOODE,  Highway  Research  Engineer 


Loss  of  adhesion  of  bituminous  film  to  the  surface  of  mineral  aggregate  through  the 
action  of  moisture,  and  the  resultant  stripping,  is  often  a  major  cause  of  failure  in 
bituminous  pavements.  The  immersion-compression  test  was  developed  to  provide  a 
means  of  determining  the  resistance  of  bituminous  mixtures  to  the  detrimental  action 
of  moisture.  This  method  has  definite  advantages  over  the  various  stripping  tests  now 
in  use.  It  provides  a  quantitative  index  of  the  damage  caused  by  moisture,  and  the  test 
is  made  on  the  entire  mixture  as  it  might  be  prepared  for  use  in  the  road  rather  than  on 
the  single-size  fractions  of  aggregate  that  are  us«;d  in  stripping  tests. 

The  immersion-compression  test  involves  a  comparison  of  the  compressive  strengths 
of  molded  cylindrical  specimens  of  bituminous  mixtures  with  the  strengths  of  duplicate 
specimens  that  have  undergone  immersion  in  water  for  a  definite  period  of  time.  The 
test  gages  the  tendency  of  a  mixture  to  strip  by  measuring  the  reduction  in  strength  of 
the  specimens  caused  by  the  loss  in  adhesion  of  the  bituminous  film  to  the  aggregate 
particles.  Reports  of  the  initial  development  of  this  test  have  previously  been  published. 
This  report  describes  the  broader  application  of  the  test  to  mixtures  containing  a  wide 
variety  of  bituminous  materials,  and  presents  definite  procedures  and  test  conditions 
that  have  been  found  appropriate  to  the  various  classes  of  materials. 

810307—48 1 


THIS  REPORT  covers  the  recent  develop- 
ments in  the  procedure  for  conducting  the 
immersion-compression  test  and  gives  addi- 
tional results  of  its  application  to  studies  of 
a  number  of  factors  affecting  the  resistance 
of  bituminous  paving  mixtures  to  the  action 
of  moisture.  Earlier  work  was  described  in 
Public  Roads  l  in  1945.  Subsequent  studies 
showed  the  need  for  a  number  of  changes  in 
the  procedure  originally  proposed  and  pro- 
vided additional  data  that  were  presented  in  a 
progress  report.2  The  essential  information 
in  that  progress  report  and  the  results  of  more 
recent  studies  of  mixtures  made  with  cut-back 
asphalts  and  slow-curing  liquid  asphaltic 
materials  are  reported  herein  and  make  it 
possible  at  this  time  to  establish  a  procedure 
that  appears  to  be  satisfactory. 

The  immersion-compression  test  involves  a 
comparison  of  the  compressive  strengths  of 
molded  cylindrical  specimens  of  bituminous 
mixtures  with  those  of  duplicate  specimens 
which  have  undergone  immersion  in  water  for 
a  definite  period  of  time.  All  details  of  the 
test  are  controlled  as  described  in  the  pro- 
cedure.    Essentially  the  test  is  intended  to 


i^-l  test  for  determining  the  effect  of  water  on  bituminous 
mixtures,  by  J.  T.  Pauls  and  H.  M.  Hex;  Public  RoADa, 
vol.  24,  No.  5,  July-August-September  1945. 

2  Application  and  present  stafris  of  the  immersion-compression 
test,  by  J.  T.  Pauls  and  J.  F.  Qoodc;  Proceedings  of  the 
Association  of  Asphalt  Paving  Technologists,  vol.  16,  Feb- 
ruary 1947. 
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Figure  2. — Mechanical  mixer   used  in  pre- 
paring individual  test  batches. 

simulate  the  action  of  water  on  a  bituminous 
pavement,  and  it  measures  the  tendency  of  a 
mixture  to  strip  by  indicating  the  loss  in 
strength  caused  by  loss  in  adhesion  of  the 
bituminous  film  to  the  aggregate  particles. 
The  compressive  'strength  of  a  cylindrical 
specimen  of  a  bituminous  mixture  without 
lateral  support  is  dependent  on  the  degree  of 
cohesive  strength  of  the  mixture,  as  provided 
by  the  bituminous  binder;  and  any  damage  to 
the  mixture,  such  as  stripping  or  reduction  in 
the  adhesion  of  the  film  to  the  surface  of  the 
aggregate  particles,  results  in  a  measurable 
loss  in  the  strength  of  the  specimen.  For 
these  reasons  a  compression  test  of  laterally 
unsupported  cylinders  is  believed  to  provide 
a  satisfactory  means  of  evaluating  the  damage 
caused  by  water. 

This  method  provides  for  the  testing  of 
bituminous  mixtures  as  used  in  actual  road 
construction.  Thus  the  water-resistant  prop- 
erty of  a  mixture  as  a  whole  is  determined  and 
it  is  also  possible  to  determine  the  com- 
parative value  of  each  of  the  constituent  parts 
of  the  mixture.  This  is  not  possible  with  the 
more  common  stripping  tests,  which  are  made 
only  on  a  fraction  of  the  coarse  aggregate.  It 
is  well  known  that  the  sand  and  filler  may  have 
a  greater  effect  on  the  behavior  of  a  mixture 
than  does  the  coarse-aggregate  fraction. 
Often  the  bad  effect  of  a  less  satisfactory 
coarse  aggregate  may  be  overcome  by  the 
use  of  a  good  sand  or  filler  or  by  increasing 
the  density  or  reducing  the  size  of  the  pore 
spaces  in  the  mixtures. 

The  following  details  of  a  procedure  for  the 
immersion-compression  test  as  applied  to 
bituminous  mixtures  are  now  believed  to  be 
satisfactory: 


A.  Prepahation  of  Specimens 

1.  Mixing:  Thorough  mixing  in  batches 
just  sufficient  for  one  test  cylinder. 

2.  Curing  of  mixtures  before  molding: 

(a)  Hot  mixtures:  None. 

(b)  Cold  mixtures:  18  hours  in 
oven  at  140°  F. 

3.  Test  specimens: 

(a)  Size:  4-  by  4-inch  cylinders. 

(b)  Number:  Six  specimens  for 
each  test  mixture,  three  of  which  are 
to  be  tested  dry  at  the  same  time 
that  the  other  three  are  put  in  water. 

4.  Molding  temperatures: 

(a)  Hot  mixtures:  260°  F. 

(b)  Cold  mixtures:   140°  F. 

5.  Molding  load  (double  plunger 
method)  3,000  pounds  per  square  inch 
maintained  for  2  minutes. 

6.  Curing  after  molding:  24  hours  in 
oven  at  140°  F. 

7.  Selection  of  specimens  for  test 
groups:  Each  group  of  three  specimens  to 
have  approximately  the  same  average 
bulk  specific  gravity. 

B.  Immersion  Conditions 

1.  Hot  mixtures  and  asphalt  emulsion 
mixtures:  4  days  at  120°  F.  (For  a 
quick  test,  1  day  at  140°  F.  may  be  used.) 

2.  Cold  mixtures  (except  asphalt  emul- 
sion): 4  days  at  100°  F.  (For  a  quick  test, 
1  day  at  120°  F.  may  be  used.) 

C.  Compression  Test  Conditions 

1.  Temperature:  77°  F. 

2.  Rate  of  deformation:  0.2  inch  per 
minute. 

D.  Test  Results 

1.  Retained  strength  of  immersed  spec- 
imens: Taken  as  the  measure  of  the 
resistance  of  the  mixture  to  the  action  of 
water,  and  expressed  as  a  percentage  of 
the  compressive  strength  of  the  dry 
specimens. 

2.  Volumetric  swell  of  immersed  speci- 
mens: Determined  and  considered  as 
corollary  data  to  indicate  the  resistance  of 
the  mixture  to  the  action  of  moisture. 

PREPARATION  OF  SPECIMENS 

Mixing.— Most    satisfactory    results    were 
obtained  by  mixing  in  batches-of  just  sufficient 


Table   1. — Effect  of  molding  from  a    large 
batch  ' 


Specimen  2 

First 

Third 

Bulk  specific  gravity. 

2.56 

2  52 

Air  voids... percent. . 

3.8 

8.4 

Absorption  after  immersion  3 

percent.. 

0.4    ' 

1.1 

Compressive   strength   after  im- 

mersion  p.  s.  i 

271 

248 

Bitumen,  CS2  extraction. percent.. 

5.7 

4.5 

Aggregate  passing— 

Yi  inch  sieve.        percent 

90 

88 

H  inch  sieve. do 

76 

70 

No.  4  sieve do 

54 

47 

No.  10  sieve... do... 

33 

28 

1  85-100  penetration  asphaltic  concrete.     Batch  for  three 
specimens,  15  pounds. 

2  Each  specimen  weighed  about  4.6  pounds. 

3  4-day  immersion  at  77°  F. 


size  for  one  test  cylinder.  In  the  original 
work  the  batches  for  each  of  the  three  speci- 
mens of  a  test  group  were  sampled  from  a 
larger  batch  prepared  in  a  20-pound  capacity 
laboratory  pugmill.  Because  of  segregation, 
especially  in  mixtures  of  the  open-graded  type, 
it  was  very  difficult  to  obtain  the  desired  uni- 
formity among  specimens  of  the  same  test 
group.  The  lack  of  uniformity  that  may 
result  is  demonstrated  by  the  data  given  in 
table  1.  These  data  were  obtained  from  the 
first  and  third  specimens  molded  from  a  15- 
pound  batch.  As  indicated  by  these  tests, 
the  first  sample  is  apt  to  contain  more  fines 
than  a  later  sample  and  therefore  result  in 
higher  bitumen  content  and  a  lower  percentage 
of  air  voids.  Such  nonuniformity  between 
individual  specimens  is  usually  reflected  in  the 
final  test  results.  The  differences  between 
the  absorptions  and  between  the  final  com- 
pressive strengths  were  rather  wide  for  the 
two  specimens  shown  in  the  table.  Because  of 
the  difficulty  in  selecting  uniform  samples 
from  a  larger  batch  this  method  has  been 
eliminated  from  the  procedure  in  the  testing 
of  freshly  prepared  mixtures  of  the  asphaltic 
concrete  type.  Instead,  the  one-batch-per- 
specimen  method  has  been  substituted.  Al- 
though not  necessary  for  sand-asphalt  mix- 
tures, the  desirability  of  its  use  in  the  testing 
of  mixtures  that  tend  to  segregate  is  obvious. 
The  individual  batches  may  be  prepared  by 
hand  mixing  but  the  use  of  a  small  mLxing 


Table  2. — Effect  of  method  of  curing  loose  mixtures  l 


Mixture  grade  and 
designation 

Curing  of  loose  mixture 

Gross  loss  of  original 
weight  of  volatile  in 
cut-back — 

Compres- 
sive 
strength 

After 
curing 

loose 
mixture 

After 

curing  ! 

molded 

specimens 

RC-4  cut-back: 

1    ...  

Percent 
3  14 
32 
39 
44 
57 

3  5 
16 

Percent 
26 
39 
46 
49 
64 

15 
24 

P.  s.  i. 
105 
138 
161 
162 
212 

46 
68 
81 
76 
105 

2     

24  hours  at  room  temperature. 

18  hours  in  oven  at  100°  F 

3 

4  

5 

MC-3  cut-back: 
6 

7 

24  hours  at  room  temperature 

18  hours  in  oven  at  100°  F 

8 

9  .. 

30 
53 

35 
56 

10     . 

lAll  of  same  blend.  Aggregate  retained  on  No.  10  sieve,  trap  rock;  passing  No.  10  sieve,  river  sand  and  limestone  dust. 
Bitumen-aggregate  ratio,  4.9  percent.  Gradation:  Passing  ?i  inch  sieve,  100  percent;  passing  No.  10  sieve,  21  percent;  passing 
No.  200  sieve,  6  percent. 

2  24  hours  at  140°  F.  3  This  loss  took  place  during  the  mixing  operation. 
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machine  is  much  more  desirable.  A  mixer 
now  in  use  that  has  proven  satisfactory  is 
shown  in  figure  2.  It  is  a  kitchen-type  mixer 
with  a  special  mixing  bowl,  a  stirrer  for 
throwing  the  mix  to  the  sides  of  the  bowl,  and 
a  scraper  for  keeping  the  sides  clean.  It  pro- 
duces good  mixtures  with  a  minimum  of  crush- 
ing. Usually  less  than  2  minutes  of  mixing 
time  is  sufficient. 

Because  of  differences  in  types  of  mixtures 
and  in  mixing  machines,  it  is  believed  desira- 
ble to  require  that  mixing  be  sufficient  to 
obtain  a  satisfactory  coating  rather  than  to 
specify  any  particular  time. 

Curing  of  mixture  before  molding. — As 
stated  in  the  outline  of  procedure,  no  curing 
is  required  for  the  hot  mixtures  (those  contain- 
ing asphalt  cement  as  the  binder).  For  these 
mixtures,  a  molding  temperature  of  260°  F., 
as  specified,  makes  it  possible  to  mold  im- 
mediately following  the  completion  of  mixing. 

The  cold  mixtures  containing  cut-back 
asphalts,  slow-curing  liquid  asphalts,  and 
asphaltic  emulsions  require  curing  before 
molding.  Both  air  and  oven  curing  were 
studied  and  it  was  found  that  oven  curing- 
resulted  in  a  loss  of  volatile  material  more 
nearly  comparable  with  the  loss1  that  would 
be  expected  in  good  construction  practice. 

Table  2  gives  the  loss  of  solvent  occurring 
in  RC-4  and  MC-3  cut-back  mixtures  when 
cured  under  a  number  of  conditions. 

The  data  show  that  curing  of  the  loose  mix- 
t  lire  for  24  hours  at  room  temperature  is  not  a 
very  effective  method  for  a  graded  mixture. 
This  curing  condition,  followed  by  the  oven 
curing  after  molding,  resulted  in  a  final  loss 
of  volatile  of  39  percent  for  the  RC-4  mixture 
and  of  24  percent  for  the  MC-3  mixture. 
These  losses  were  somewhat  greater  than  those 
that  occurred  with  no  curing  of  the  loose 
mixture,  but  the  amount  of  curing  offered  by 
this  method  appears  to  be  insufficient  because 
it  is  believed  that  good  construction  procedure 
for  medium-curing  cut-back  mixtures  requires 


manipulation  until  the  loss  of  volatile  ma- 
terial has  exceeded  40  or  possibly  50  percent. 
Curing  in  an  oven  at  100°  F.  for  18  hours  and 
at  140°  F.  for  4  hours,  producing  results  with 
the  RC-4  mixture  that  were  almost  identical, 
proved  to  be  somewhat  more  effective  in 
producing  the  desired  amount  of  loss  in  vola- 
tile material.  However,  there  is  some  doubt 
that  the  35-percent  loss  of  volatile  matter, 
occurring  in  the  MC-3  mixture  under  the 
4-hour  curing  at  140°  F.,  is  of  sufficient  magni- 
tude. Increasing  the  period  of  curing  at  140° 
F.  to  18  hours  for  this  mixture  increased  the 
final  loss  of  volatile  material  to  56  percent, 
which  appears  to  be  adequate. 

Curing  in  an  oven  at  140°  F.  for  18  hours  was 
found  to  be  suitable  for  the  RC-4  mixture  in 
that  a  high  amount  of  volatile  material  was 
removed  without  resulting  in  a  mix  too  stiff 
for  proper  molding. 

In  tests  made  on  an  asphaltic-emulsion 
mixture  it  was  found  that  this  degree  of  curing 
was  sufficient  to  remove  all  water  and  still 
provide  a  mixture  not  too  difficult  to  handle. 
It  appears,  therefore,  that  an  18-hour  period 
of  curing  at  140°  F.  is  satisfactory  for  all  coid 
mixtures. 

Size  of  test  specimens. — Cylindrical  test 
specimens,  4  inches  by  4  inches,  have  proven 
satisfactory.  Specimens  4  inches  in  diameter 
by  8  inches  in  height  have  been  used  but  these 
were  difficult  to  handle,  and  the  less  stable 
specimens  often  failed  in  removing  them  from 
the  water  bath.  Three-  by  three-inch  cylin- 
drical specimens  have  been  used  in  some  in- 
stances to  conserve  materials.  Test  speci- 
mens of  this  size  were  found  satisfactory  for 
the  fine-grained  types  of  mixtures  but  for  the 
coarse  mixtures  the  test  results  were  not  as 
uniform  as  for  the  larger  specimens. 

Molding  temperatures. —  Hot  mixtures  mold 
satisfactorily  at  260°  F.  This  is  approxi- 
mately the  temperature  of  a  hot  mix  after 
completion  of  mixing  so  that  little  or  no  delay 
need  occur  prior  to  molding  in  the  case  of  these 
materials. 


Table  3. — Effect  of  vacuum  and  immersion  temperature  on  test  results  for  asphaltic  con- 
cretes of  same  gradation  l 


Mix  designa- 
tion 

3/i  inch  to  No. 
10  aggregate  - 

Air 
voids 

Com- 
pressive 
strength, 
dry 

Immer- 
sion tem- 
pera- 
ture 

After  4-day  immersion— 

Difier- 

niiv  be- 
tween 

percent- 
ages of 

retained 

strength 
ratios 

Compressive 
strength 

Retained  strength 
ratio 

No 
vacuum 

Vacuum 
used 

No 
vacuum 

Vacuum 
used 

Limestone  dust 
mixtures: 

11 

Limestone 

Trap 

Percent 
5.2 

6.2 

6.5 

5.8 
6.9 
7.2 

P.  s.  !'. 
222 

263 

265 

218 
251 
272 

°F. 

1       77 
\      100 

I      120 

1        77 
\      100 

[     120 

1       77 
i.      100 

[      120 

1        77 
100 

I     120 

1        77 
\      100 

[     120 

1       77 
\     100 

[     120 

P.  s.  i. 

226 
213 
215 
247 
237 
218 
244 
215 
175 

211 
190 
161 
251 
218 
136 
241 
199 
113 

P.  s.  i. 
218 
200 
204 
245 
216 
195 
225 
178 
154 

203 
171 
129 
241 
198 
80 
220 
164 
103 

Percent 
102 
96 
97 
94 
90 
83 
92 
81 
66 

97 
87 
74 
100 
87 
54 
89 
73 
42 

98 
90 
92 
93 
82 
74 
85 
67 
58 

93 
80 
59 
96 
79 
32 
81 
60 
38 

4 
6 
5 
1 
8 
9 
7 
14 
8 

4 
7 

15 
4 
8 

22 
8 

13 
4 

12 

13 

Granite 

Limestone 

Trap 

Silica  dust  mix- 
tures: 

14 

15         __ 

16 

Granite 

i  Gradation:  passing  3/t  inch  sieve,  100  percent;  passing  No.  10  sieve,  21  percent;  passing  No.  200  sieve,  6  percent.    Bitumen- 
aggregate  ratio,  4.9  percent.    Penetration  of  asphalt,  85-100. 

2  The  sand  fraction  of  the  aggregate  was  river  sand  in  each  case. 


Figure  3. — Air  bubbles  on  I  lie  specimens  in 
the  vacuum  bath  indicate  the  evacuation 
of  voids. 

The  cold  mixtures — those  containing  liquid 
bituminous  materials — mold  satisfactorily  at 
140°  F.,  that  is,  at  the  temperature  as  re- 
moved from  the  curing  oven.  In  this  group 
the  RC  cut-back  asphalts  and  the  asphalt 
emulsions  set  the  temperature  for  molding. 
While  the  MC  cut-back  asphalts  and  the  SC 
liquid  asphalts  can  be  molded  at  lower  tem- 
perature, the  RC  and  emulsion  mixtures 
require  this  higher  temperature. 

Molding  load  (double  plunger  method). — The 
double  plunger  method  and  a  load  of  3,000 
pounds  per  square  inch  held  for  2  minutes 
seem  to  be  a  satisfactory  procedure  for  con- 
solidation. Some  crushing  occurs  with  soft 
and  fragile  aggregate  and  it  may  be  advisable 
to  use  a  lower  consolidating  load  for  such 
conditions. 

Loading  the  mold  so  as  to  prevent  segrega- 
tion of  the  aggregate  particles  is  most  impor- 
tant. It  has  been  found  that  segregation  may 
be  largely  eliminated  by  the  exercise  of  care 
in  loading  and  unloading  the  scoop  used  in 
filling  the  mold.  The  material  should  be 
spread  into  the  loading  scoop  as  uniformly  as 
possible  and  then  scraped  into  the  mold,  as 
illustrated  in  figure  1,  rather  than  poured. 
After  the  moid  is  filled,  the  mixture  should  be 
leveled  off  on  top  and  then  spaded  around  the 
edge  with  a  heated  spatula  to  reduce  the 
tendency  for  surface  voids  to  form.  Rodding 
is  not  required  for  it  appears  to  be  unnecessary. 

Curing  after  molding. — After  molding,  cur- 
ing at  an  elevated  temperature  seems  to  be 
desirable  for  both  cold  and  hot  mixtures. 
In  the  case  of  cold  mixtures,  it  brings  about 
more  uniformity  in  the  compressive  strength 
by  reducing  the  effect  of  variations  in  the 
degree  of  curing  that  occurs  during  laboratory 
storage.  In  the  case  of  hot  mixtures,  al- 
though not  losing  an  appreciable  amount  of 
volatile  matter,  they  will  increase  in  strength 
during  storage  even  at  room  temperature. 

Selection  of  specimens  for  test  groups. — A 
small  variation  in  density  often  results  in  a 
large  variation  in  compressive  strength. 
From  tests  on  several  specimens  from  one  of 
the  mixtures  used  in  this  study,  it  was  found 
that  a  1-percent  change  in  density  caused  a 
10-percent    change   in    compressive    strength. 
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The  importance  of  having  the  densities  ap- 
proximately the  same  for  the  two  test  groups 
where  their  compressive  strengths  are  com- 
pared is  therefore  obvious.  The  average  bulk 
specific  gravity  should  be  obtained  for  the  six 
specimens  for  a  test,  and  the  three  specimens 
for  each  group  should  be  selected  so  that  the 
average  specific  gravity  for  each  group  is,  as 
nearly  as  possible,  equal  to  the  average  for 
all  six  specimens. 

In  determining  the  bulk  specific  gravity  of  a 
specimen  three  different  weights  are  obtained. 
The  specimen  is  first  weighed  in  air  and  then 
placed  in  a  water  bath  at  room  temperature 
where  it  is  allowed  to  remain  for  a  few  min- 
utes. If  the  specimen  tends  to  absorb  water 
at  a  fast  rate,  as  indicated  by  a  rapid  formation 
of  air  bubbles,  it  is  allowed  to  soak  until  the 
rate  of  absorption  decreases  to  a  small  value. 
The  specimen  is  then  removed  from  the  water 
and  surface  dried  with  a  damp  absorptive 
cloth,  as  illustrated  on  the  cover  of  this  issue. 
The  specimen  is  next  weighed  in  air  and  then 
in  water.  The  difference  between  these  two 
weights  in  grams  is  taken  as  the  bulk  volume 
of  the  specimen  in  cubic  centimeters.  Bulk 
specific  gravity  is  calculated  by  dividing  the 
initial  weight  of  the  unsoaked  specimen  in 
grams  by  the  bulk  volume  of  t lie  specimen. 


Table  4. — Effect  of  vacuum  on  test  results  for  asphalt1  mixtures  of  various  gradations 


Mix 
desig- 
nation 

.  Kinds  of  aggregate  ! 

Gradation  of 
aggregate 

Bitu- 
men- 
aggre- 
gate 
ratio 

Air 
voids 

Com- 
pressive 
strength, 
dry 

After  4-day 
at  120 

immersion 

Differ- 
ence be- 
tween 
per- 
cent- 
ages of 

re- 
tained 
strength 
ratios 

Y*  inch  to 
No.  10 
fraction 

Sand 
fraction 

Maxi- 
mum 
size 

Amount 
passing- 

Compres- 
sive strength 

Retained 

strength 

ratio 

No. 
10 

sieve 

No. 
200 
sieve 

No 
vac- 
uum 

Vac- 
uum 
used 

No 
vac- 
uum 

Vac- 
uum 
used 

11— 
12—. 

13.-.. 

17.... 

18 

19— 

Limestone . . 
Trap    

River  sand.  . 
...do  - 

Min.- 
%  in.. 
%  in_. 

H  in.. 
No.  10 
No.  10 

Per- 
cent 
21 
21 
21 

45 
100 
100 

Per- 
cent 
6 
6 
6 

11 
15 
22 

Per- 
cent 
4.9 
4.9 
4.9 

6.0 

12.0 

7.0 

Per- 
cent 
5.2 
6.2 
6.5 

6.0 
8.2 
6.3 

P.  s.  i. 

222 
263 
265 

408 
322 
518 

P.s.i. 
215 
218 

175 

326 
228 
429 

P.  s.  i. 
204 
195 

154 

216 
116 
224 

Per- 
cent 
97 
83 
66 

80 
71 
83 

Per- 
cent 
92 

74 
58 

53 
36 
43 

5 
9 

8 

27 
35 
40 

Granite . 

do 

Granite     .  _ 

do _. 

... do— 

None 

Limestone . . 

1  85-100  penetration. 
IMMERSION  CONDITIONS 


2  The  dust  fraction  was  limestone  dust  in  each  case. 


Considerable  laboratory  work  was  done  to 
determine  the  most  suitable  immersion  con- 
dition. Among  the  more  important  factors 
studied  were  the  following: 

1.  Use  of  vacuum  to  bring  about  quick 
absorption  of  water  into  the  specimen. 

2.  Temperature  of  the  immersion  stor- 
age bath. 

3.  Period  of  immersion. 


Figure  4. — The  automatic  water  bath  used  in  the  immersion  test. 


Use  of  vacuum  on  hot  mixtures  found  unsatis- 
factory.— Considerable  work  was  done  using 
vacuum  as  a  preliminary  treatment  to  pro- 
duce saturation  of  the  cylinders  before  immer- 
sion in  the  storage  bath.  The  vacuum  bath 
used  in  this  investigation  is  shown  in  figure  3. 
In  these  tests  the  temperature  of  the  water  in 
the  vacuum  bath  was  77°  F.  and  the  degree  of 
vacuum  was  27  inches  of  mercury.  The 
specimens  were  kept  in  this  bath  until  the  air 
ceased  to  pass  off  from  their  surfaces. 

The  time  required  for  this  operation  was 
about  20  minutes.  Swell  and  strength  tests  . 
were  made  immediately  after  saturation  on  a 
number  of  specimens  covering  several  types  of 
hot  mixtures,  and  it  was  found  that  there  was 
no  swell  or  loss  in  strength.  It  was  concluded, 
therefore,  that  the  use  of  the  vacuum  had  no 
initial  detrimental  effect  on  the  specimens. 

The  effect  of  pre-saturation,  by  use  of  a 
vacuum,  on  the  final  results  of  several  asphal- 
tic  mixtures  of  the  hot  type  is  given  in  tables 
3  and  4.  The  six  asphaltic  concrete  mixtures 
of  the  same  gradation  shown  in  table  3  were 
of  the  open-graded  type  that  normally  tend 
to  absorb  water  quite  readily.  These  mix- 
tures were  subjected  to  three  different  immer- 
sion temperatures.  In  all  instances  the  use 
of  a  vacuum  resulted  in  reducing  the  values 
of  retained  strength.  Greater  reductions 
occurred,  in  general,  with  the  higher  immer- 
sion temperatures.  The  reductions  in  per- 
centage of  retained  strength  averaged  4.7, 
9.3,  and  10.5  for  immersion  temperatures  of 
77°,  100°,  and  120°  F.,  respectively. 

Table  4  shows  the  effect  of  using  a  vacuum 
on  mixtures  containing  aggregate  of  various 
gradations.  It  includes  three  of  the  asphaltic 
concretes  of  the  open-graded  type  given  in 
table  3,  an  asphaltic  concrete  high  in  percent- 
age of  fine  aggregate,  a  sheet  asphalt,  and  an 
artificial  sand  mixture.  All  mixtures  contained 
limestone  dust  as  filler. 

The  latter  three  mixtures  (Nos.  17,  18, 
and  19),  containing  large  proportions  of  fine 
aggregate,  were  of  types  that  under  normal 
conditions  absorb  little  or  no  water.  These 
mixtures  wrere  not  affected  greatly  when  im- 
mersed at  120°  F.  without  pre-saturation, 
but  when  subjected  to  the  action  of  a  vacuum 
prior  to  the  immersion  they  were  severely 
affected.  The  use  of  a  vacuum  on  these 
mixtures  resulted  in  decreasing  the  percent- 
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ages  of  retained  strength  by  values  ranging 
from  27  to  40.  These  decreases  are  much 
greater  than  those  ranging  from  5  to  9  for 
the  open-graded  type  mixtures  Nos.  11,  12, 
and  13. 

If  the  percentages  of  retained  strength  of 
the  six  mixtures  are  compared  on  the  basis 
of  the  non-vacuum  tests,  it  will  be  observed 
that  the  three  mixtures  high  in  fines  (Nos. 
17,  18,  and  19)  are  not  greatly  inferior  to  the 
excellent  open-graded  limestone  mixture 
(No.  11)  and  that  they  are  somewhat  better 
than  the  open-graded  mixture  which  contains 
the  granite  (No.  13). 

On  the  other  hand,  comparisons  on  the 
basis  of  tests  in  which  a  vacuum  was  used 
show  that  the  three  mixtures  containing  high 
percentages  of  fine  aggregate  are  definitely 
inferior  to  the  open-graded  mixture  containing 
limestone  and  somewhat  inferior  to  the  one 
containing  granite.  The  sheet  asphalt  mixture 
(No.  18)  and  the  all-limestone  artificial  sand 
mixture  (No.  19)  appear  to  be  unsatisfactory 
for  use  as  road  materials.  This  does  not  seem 
to  be  in  line  with  expected  field  behavior 
because  fine-grained  mixtures  normally  have 

Table  5. — Comparison  of  test  results  for  1-day  immersion  at  140°  F.  with  those  for  4-day 
immersion  at  120°  F.for  asphaltic  concrete  mixtures 


Type  of  asphalt 

and  mix 

designation 


50-60     penetra- 
tion: 

20 

21.. 

22 

23. 


85-100  penetra- 
tion: 

11 

12 

17._ s 

13 


120-150  penetra- 
tion: 

24 _._. 

25 

26- 

27 


Coarse  aggre- 
gate in 
mixture1 


Limestone . 

Trap 

Gmnite 

....do 


Limestone. 

Trap 

Granite 

....do.. 


Limestone. 

Trap 

Granite 

-  —  do 


Gradation  of 

aggregate: 2 

Amount 

passing — 

Bitumen- 

Com- 

aggregate 

ratio 

Air 
voids 

pressive 

strength, 

dry 

No. 

No. 

10 

200 

sieve 

sieve 

Per- 

Per- 

cent 

cent 

Percent 

Percent 

P.  s.  i. 

21 

6 

4.9 

4.1 

399 

21 

6 

4.9 

5.6 

478 

45 

11 

6.0 

5.7 

679 

21 

6 

4.9 

6.5 

472 

21 

6 

4.9 

5.2 

222 

21 

6 

4.9 

6.2 

263 

45 

11 

CO 

6.  0 

408 

21 

6 

4.9 

6.5 

265 

21 

6 

4.9 

4.0 

187 

21 

6 

4.9 

5.3 

234 

45 

11 

0.0 

5.7 

342 

21 

6 

4.9 

5.9 

224 

Effect  of  immersion  on — 


Compres- 
sive 
strength 


Volumetric 
swell 


Retained 

strength 

ratio 


1 
day 

at 
140° 

F. 


4 
days 


120° 

F. 


1 

day 
at 

140° 
F. 


4 

days 

at 
120° 

F. 


P.  s. 

i. 

332 

354 

529 

298 


215 
218 
326 

175 


175 
195 
279 
169 


Per- 
cent 
0.6 
.8 
.5 
1.3 


.3 

.8 
.7 
1.1 


1  Retained  on  No.  10  sieve.    Aggregate  passing  No.  10  sieve  was  river  sand  and  limestone  dust. 

2  Maximum  size,  ?4  inch. 

Table  6. — Effect  of  period  of  immersion  on  test  results  for  hot  mixtures  1 


Mix  designa- 
tion 

?4  inch  to 
No.  10 

aggregate  2 

Gradation  of  aggregate 

Bitu- 

men- 

aggre- 

gate 

ratio 

Air 
voids 

Com- 
pressive 
strength, 
dry 

Retained  strength  ratio  after 
immersion  at  120°  F.  for— 

Maxi- 
mum 
size 

Amount  pass- 
ing- 

1 
day 

4 
days 

14 
days 

35 
days 

No.  10 

sieve 

No.  200 
sieve 

Limestone  dust 
mixtures: 
11 _.. 

Limestone.  . 

Trap 

Granite 

34  in 

?4  in 

?i  in 

No.  10.. 
?4in 

34  in 

34  in 

34  in 

Percent 

21 

21 

45 

100 

.      21 

21 
21 
21 

Percent 
6 
6 
11 
15 
6 

2 
6 
6 

Percent 
4.9 
4.9 
6.0 
12.0 
4.9 

4.9 
4.9 
4.9 

Percent 
5.2 
6.2 
6.0 
8.2 
6.5 

5.8 
6.9 
7.2 

P.  s.  i. 
222 
263 
408 
322 
265 

218 
251 
272 

Percent 
95 
94 
85 

"83" 

89 
87 
68 

Percent 
97 
83 
80 
71 
66 

74 
54 

42 

Percent 

"i\ 

66 
54 

Percent 

"63" 

59 
47 

12. 

17 

18. 

13 

Granite 

Limestone. . 

Trap... 

Granite 

Silica    dust 
mixtures: 
14 

15. 

16 

.... 

.... 

1  85-100  penetration  asphalt  cement. 

2  The  sand  fraction  of  the  aggregate  was  river  sand  in  each  case. 
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Figure  5. — Effect  of  immersion  temperature  on  retained  strength  ratio  of  coarse-grained 

asphaltic  concrete. 


a  high  resistance  to  the  infiltration  of  moisture 
and  for  that  reason  usually  show  good  service 
behavior. 

Hence,  because  of  its  failure  to  reflect  ex- 
pected service  behavior,  it  must  be  concluded 
that  the  vacuum  process  does  not  belong  in  the 
test  procedure. 

Conditions  of  imm.ersion  for  hot  mixtures. — 
An  extended  study  to  determine  the  most 
suitable  temperature  and  period  of  immersion 
for  hot  mixtures  has  been  made.  Tempera- 
tures of  77°,  100°,  120°,  and  140°  F.,  and 
periods  of  immersion  of  1,  4,  14,  and  35  days 
were  investigated.  Accurate  control  of  tem- 
peratures was  obtained  by  using  the  automatic 
water  bath  shown  in  figure  4. 

In  the  early  work  77°  F.  had  been  used,  but 
it  developed  that  this  low  temperature  of  bath 
did  not  show  the  significant  differences  be- 
tween those  mixtures  that  were  known  to  have 
high  resistance  to  the  action  of  moisture  and 
those  known  to  have  low  resistance.  The 
more  recent  study  substantiates  this  con- 
clusion and  fully  establishes  that  this  tem- 
perature fails  to  differentiate  between  ag- 
gregates having  satisfactory  and  those  having 
unsatisfactory  behavior  in  use.  The  effect  of 
the  various  immersion  temperatures  on  cojrse- 
grained  asphaltic  concretes  are  shown  in  table 
3  and  figure  5. 

It  will  be  noted  that  a  very  narrow  range  in 
test  values  is  obtained  with  an  immersion 
temperature  of  77°  F.  At  100°  F.  the  results 
show  a  somewhat  greater  differentiation  be- 
tween the  several  mixtures,  but  do  not  provide 
as  positive  a  one  ?s  is  desirable.  At  120°  F., 
however,  the  strength  retention  of  the  mix- 
tures containing  aggregates  that  are  known  to 
be  superior  is  consistently  higher  than  that  of 
the  inferior  mixtures. 

Results  of  immersion  tests  at  140°  F.  for  1 
day  and  at  120°  F.  for  4  days  are  compared  in 
table  5.  These  results  show  a  very  close 
agreement  between  the  test  values  for  the  two 
immersion  conditions.  It  is  believed,  there- 
fore, that  where  quick  tentative  results  are 
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Per- 
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desired,  the  results  of  tests  made  after  1-day 
immersion  at  140°  F.  may  be  used  with  con- 
fidence. 

Table  6  presents  data  on  the  effect  of  various 
periods  of  immersion  at  a  temperature  of  120° 
F.  The  1-day  results  at  120°  F.  were  ap- 
proximately the  same  as  the  4-day  results  at 
100°  F.  (given  in  table  3  except  for  mixes  Nos. 
17  and  18)  and  failed  to  provide  a  sufficiently 
sharp  evaluation.  On  three  of  the  mixtures, 
the  period  of  immersion  was  extended  to  14 
and  35  days  in  order  to  determine  the  reli- 
ability of  results  obtained  in  the  shorter  and 
more  practical  periods.  The  results  of  these 
tests  indicate  that,  while  some  additional  loss 
occurs,  the  immersions  for  14  and  35  days 
show  the  same  order  of  resistance  by  the 
various  mixtures  to  water  action  as  immersion 
for  4  days. 

Conditions  of  immersion  for  cold  mixtures. — 
A  study  was  made  to  determine  suitable  im- 
mersion conditions  for  the  liquid  asphaltic 
mixtures.  In  table  7  are  shown  the  data  ob- 
tained on  RC-4  and  MC-3  mixtures  with  an 
immersion  period  of  4  days  at  temperatures 
of  77°,  100°,  and  120°  F.  Also  included  are 
percentages  of  retained  strength  for  a  1-day 
immersion  period  at  temperatures  of  100°  and 
120°  F.  The  4-day  immersion  results  are 
shown  in  figure  6.  If  the  results  for  mixtures 
Nos.  31  and  35  were  not  considered,  it  would 
appear  that  both  temperatures  77°  and  100° 
F.  produce  test  values,  for  a  4-day  immersion 
period,  that  permit  satisfactory  differentiation 
between  the  several  mixtures.  Mixtures  Nos. 
31  and  35  contained  silica  dust  as  a  filler  and 
the  4-day  results  at  100°  F.,  for  these  two 
mixtures,  are  believed  to  be  more  nearly  in 
agreement  with  expected  field  behavior  than 
those  in  which  the  immersion  temperature  was 
77°  F.  The  results  for  a  4-day  immersion 
period  at  120°  F.  indicate  that  this  condition 
is  too  severe,  especially  for  mixtures  contain- 
ing silica  dust.  Specimens  from  mixtures 
Nos.  31  and  35  disintegrated  in  less  than  4 
days  at  this  high  temperature. 

Several  of  the  cut-back  mixtures  were 
tested  after  being  immersed  for  a  1-day  pe- 
riod at  temperatures  of  100°  and  120°  F. 
The  results  for  the  1-day  test  at  100°  F.  com- 
pare very  favorably  with  those  for  the  4-day 
test  at  77°  F.  Also,  there  is  very  little  dif- 
ference between  the  results  for  a  1-day  period 
at  120°  F.  and  a  4-day  period  at  100°  F.  It 
therefore  appears  that  when  there  is  need  for 
early  test  results,  a  1-day  immersion  at  120° 
F.  may  be  used  for  the  cut-back  mixtures. 

Table  7  also  gives  data  for  mixtures  con- 
taining SC-2,  3,  and  4  materials.  Both  the 
slow  and  the  more  rapid  curing  SC  materials 
were  used  in  this  study.  Analyses  of  these 
materials  are  given  in  table  9.  Again,  as 
occurred  with  the  cut-back  mixtures,  the  use 
of  silica  dust  as  a  filler  resulted  in  mixtures 
which  were  affected  to  a  much  greater  degree 
by  the  change  in  immersion  temperature  from 
77°  to  100°  F.  than  were  the  mixtures  in  which 
limestone  dust  was  used.  Also,  as  with  the  cut- 
back mixtures,  the  results  after  4-day  immer- 
sion at  100°  F.  appear  to  conform  more 
nearly  to  expected  service  behavior  than  do 
the  results  at  the  lower  temperature. 
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4-0AYS  AT  120°  F 


LIMESTONE        TRAP  GRANITE  TRAP         LIMESTONE        TRAP         GRANITE  TRAP 

« —  —LIMESTONE—  — »+•- SILICA -•+* —        LIMESTONE 4*-   SILICA 

• ■ RC-4 H- MC-3- 


Figure  6. — Effect  of  immersion  temperature  on  retained  strength  ratio  of  cut-back  asphaltic 

mixtures. 


Because  of  an  insufficient  quantity  of  these 
SC  materials,  specimens  were  not  prepared  for 
the  1-day  immersion  period.  However,  in 
view  of  the  good  correlations  obtained  for  the 
other  bituminous  materials,  it  can  be  expected 
that  the  results  after  a  1-day  immersion  period 
at  120°  F.  would  agree  very  closely  with  those 
after  a  4-day  immersion  period  at  100°  F. 
and  that  it  would  be  permissible  to  substitute 
this  shorter  period  of  test  when  necessary. 

A  limited  amount  of  work  with  asphaltic- 
emulsion  mixtures  was  included  in  this  study 
to  determine  if  any  changes  in  procedure  were 
necessary  for  handling  this  type  of  cold  mix- 
ture. It  was  found  that  the  same  curing 
procedure  used  for  the  cut-back  and  slow- 
curing  bituminous  materials  was  also  satis- 
factory for  the  emulsion  mixtures.  However, 
since  the  18  hours  of  curing  at  140°  F.  removed 
all  the  moisture  from  the  mixtures,  leaving  a 
penetration  grade  of  asphalt,  it  appeared 
desirable  to  make  the  immersion  condition 
for  this  type  of  cold  mix  the  same  as  for  hot 
mixes;  that  is,  4  days  at  120°  F. 

COMPRESSIVE  TEST  CONDITIONS 

In  bringing  the  dry  specimens  to  the  test 
temperature  of  77°  F.,  it  was  found  that  2 
hours  in  an  air  bath  at  this  temperature  was 
sufficient  when  the  specimens,  after  curing, 


were  permitted  to  cool  overnight  at  room 
temperature.  Specimens  placed  in  the  air 
bath  directly  from  the  oven  require  about  4 
hours  to  bring  them  to  the  test  temperature. 
Because  of  the  higher  conductivity  of  water, 
the  immersed  specimens  required  only  1  hour 
in  water  at  77°  F.  to  bring  them  to  the  proper 
temperature  for  testing. 

It  is  believed  that  the  rate  of  deformation 
should  vary  with  the  height  of  the  test  speci- 
men. A  rate  of  0.05  inch  per  minute  per  inch 
of  height  has  been  found  to  be  suitable.  This 
gives  a  rate  of  0.2  inch  per  minute  for  the 
standard  4-inch  specimen.  A  few  tests  have 
been  made  on  3-  by  3-inch  cylinders,  and  in 
these  tests  the  rate  was  0.15  inch  per  minute. 

SOME  APPLICATIONS  OF  THE  TEST 

The  following  summary  describes  some  of 
the  more  important  results  that  have  been 
obtained  with  the  immersion-compression 
test,  and  the  nature  of  the  problems  that  may 
be  studied  to  advantage  by  this  method  of 
test. 

From  the  work  done  so  far,  information  has 
been  obtained  on  a  number  of  factors  that 
affect  the  behavior  of  bituminous  mixtures. 
In  certain  instances  the  results  are  conclusive 
while  for  some  factors  more  work  needs  to  be 
done. 


Table  9. — Analyses  of  slow-curing  liquid  asphaltic  materials 


Relative  volatile  content 

Furol  viscosity  at  140°  F 

Furol  viscosity  at  180°  F 

Flashpoint 

Loss  at  325°  F.,  50  em.,  5  hrs 

Float  test  on  residue  at  122°  F 

Asphalt  content  of  100  penetration- 
Ductility  of  residue  at  77°  F 


.seconds,. 
....do.... 

°  F._ 

.percent.  . 
.seconds.  . 
.percent. . 
cm.. 


Grade 


SC-2 


High 
170 


255 
8. 
38 
71 

165 


SC-2 


Low 
145 


360 
2.6 

30 

67 
165 


SC-3 


High 
373 


270 
7.1 

58 
77 
195 


SC-3 


Low 
412 


365 
2.1 

46 

75 
200+ 


SC-4 


High 


178 
280 
5.3 

84 

81 
185 


SC-4 


Low 


205 
380 
1.9 

71 

80 
200+ 
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Table  10. — Results  of  a  special  filler  investigation  of  85-100  penetration  asphaltic  concretes 


Mix  designation 

Aggregate  passing  No.  200  sieve  ' 

Bitumen- 
aggregate 
ratio 

Air  voids 

Compressive 

strength, 

dry 

After  4-day  immersion 
at  120°  F. 

Compressive 
strength 

Retained 

strength 

ratio 

50 

Fly  ash 

Percent 
6.5 

5.5 

6.5 
5.5 

6.5 
5.5 

6.5 
5.5 

6.5 

5.5 

Percent 
3.6 
6.5 

5.5 
8.2 

5.7 
8.5 

3.9 
6.9 

4.5 
8.4 

P.  s.  i. 
212 
224 

259 

256 

264 
245 

251 
281 

252 
261 

P.  s.  i. 
212 
226 

242 
225 

246 
227 

213 

189 

198 
144 

Percent 
100 
101 

93 

88 

93 

93 

85 
67 

79 
55 

do 

52 

Limestone  dust ..  . 

53 

do.. 

54 

Trap-rock  dust 

55 

do 

56 

Silica  dust  No.  2 _        

57 

...do 

58 

Silicia  dust 2     ._  ...     

59 

....do 

1  Aggregate  retained  on  No.  200  sieve,  trap  rock  and  siliceous  sand. 
No.  10  sieve,  37  percent;  passing  No.  200  sieve,  7  percent. 

2  Same  silica  dust  used  as  in  the  mixtures  of  tables  3  and  6. 


Gradation:  Passing  H  inch  sieve,  100  percent;  passing 


Table  11. — Effect  of  additives  when  used  with  rapid-curing  cut-back  bituminous  mixtures  1 


Mix  desig- 
nation 

Grade  of  cut- 
back material 

Additive  used  with — 

Air 
voids 

Compres- 
sive 

strength, 
dry 

After  4-day  immersion  at  120°  F.2 

Bituminous 
material 

Aggregate 

Compres- 
sive 

strength, 
wet 

Water 

ab- 
sorbed 

Volu- 
metric 
swell 

Re- 
tained 
strength 
ratio 

60 

RC-2 

None 

None. 

B 

F 

None 

T 

Percent 
11.5 
10.2 
11.4 
11.9 

P.  s.  i. 
184 
201 
176 
238 

P.  s.  i. 

19 

159 

106 

107 

Percent 
9.6 
4.3 
5.9 
6.9 

Percent 

10.2 

1.1 

2.7 

3.7 

Percent 
10 
79 
60 
45 

61 

62 

63 

do 

do. 

RC-3 

None... 

None 

1  Chert  gravel  mixtures  using  a  bitumen-aggregate  ratio  of  9.3  percent. 

2  Normally  a  temperature  of  100°  F.  is  used  for  evaluating  cut-back  mixtures. 


Results  demonstrate  the  importance  of  the 
aggregates  on  the  behavior  of  the  bituminous 
mixtures.  There  is  a  wide  range  in  the  film- 
retention  properties  of  the  aggregates  com- 
monly used  in  bituminous  road  construction. 
This  is  not  only  true  as  between  the  general 
types  but  there  is  a  wide  range  within  a 
particular  aggregate  type.  Limestone,  in 
general,  has  high  resistance  to  the  stripping 
action  of  water,  yet  there  may  be  a  consider- 
able range  in  quality  between  limestones  from 
different  sources  because  of  impurities  such  as 
silica,  clay,  or  iron.  Similar  differences  in  the 
quality  of  trap  rock  have  been  found,  although, 
in  general,  this  type  of  stone  possesses  high 
film-retention  properties.  Granite  and  quartz- 
ite  are  other  types  of  stone  that  have  been 
tested.  As  would  be  expected,  granites 
range  from  good  to  bad  and  quartzite  was 
found  to  be  the  least  satisfactory  of  aggre- 
gates studied. 

Absorption  is  a  property  of  the  aggregate 
causing  increased  adhesion  of  the  bituminous 
film.  Stone  having  high  absorption,  such  as 
caliche  (as  found  in  New  Mexico),  soft  lime- 
stone, and  limerock,  although  they  are  hard 
to  coat,  retain  the  bituminous  film  very  well. 

The  quality  and  quantity  of  the  sand  and 
filler  used  are  shown  to  have  considerable 
effect  on  the  resistance  of  mixtures  to  the 
action  of  moisture.  In  many  cases  these 
materials  may  be  more  important  than  the 
coarser  fractions.  A  high  percentage  of  fines 
of  good  quality  may  often  be  used  to  overcome 
the  adverse  effect  of  a  less  satisfactory  coarse 
aggregate. 


Test  results  given  in  table  3  show  the  com- 
parative effect  of  limestone  dust  and  silica 
dust  when  used  in  asphaltic  concrete  mixtures. 
For  the  three  conditions,  covering  coarse 
aggregates  of  limestone,  trap,  and  granite, 
the  substitution  of  silica  dust  for  limestone 
dust  as  a  filler  resulted  in  reducing  the  per- 
centage of  retained  strength  (4-day  immersion 
at  120°  F.)  by  23  or  more.  The  silica  dust 
used  in  these  tests  was  analyzed  and  found 
to  be  99.7  percent  pure  Si02.  It  is  possible 
that  this  silica  dust  would  have  been  more  satis- 
factory if  it  had  contained  more  impurities. 

In  table  10  are  shown  the  results  of  tests 
on  a  series  of  bituminous  concrete  mixtures 
in  which  the  variables  were  the  type  and  the 
quantity  of  filler  material.  The  superiority 
of  the  fly-ash,  limestone,  and  trap-rock  dust 
fillers  over  both  of  the  two  silica-dust  fillers 


is  clearly  shown.  Increasing  the  bitume 
content  is  shown  to  be  beneficial  for  th 
mixtures  composed  of  the  less  satisfactor 
materials  but  to  have  little  effect  on  th 
mixtures  composed  of  the  better  materials. 

The  effectiveness  of  certain  chemical  addi 
tives  on  the  adhesion  of  bituminous  films  t< 
aggregates  has  been  studied  by  means  of  thi 
test.  In  this  work,  the  test  has  proven  effec 
tive  in  showing  the  comparative  value  o 
these  additives  and  the  amounts  required. 

Table  11  gives  the  results  with  and  with 
out  the  use  of  chemical  additives  on  bitumi- 
nous mixtures  containing  a  chert  gravel  of 
unsatisfactory  quality.  An  increase  in  re- 
tained strength  together  with  a  great  reduc- 
tion in  swell  is  shown  to  result  from  use  of 
these  additives. 

In  table  8  (on  page  114)  are  shown  the  results 
of  alternate  drying  and  wetting  tests  on  two 
groups  of  bituminous  mixtures  containing 
treated  and  untreated  MC-2  cut-back  as- 
phalts. Three  anti-stripping  additives  were 
used  as  treatments,  in  concentrations  of  2 
percent  for  additive  A  and  1  percent  for  addi- 
tives B  and  D.  The  coarse  aggregate  consisted 
of  a  pit  gravel  for  the  first  group  of  mixtures 
and  a  granite  for  the  second  group.  The  table 
gives  data  for  various  periods  up  to  284  days 
during  which  the  specimens,  after  having  been 
initially  immersed  for  4  days,  were  subjected 
to  repeated  cycles  of  alternate  drying  and 
wetting.  Each  cycle  consisted  of  a  10-day 
period  of  drying  in  laboratory  air  followed  by 
a  4-day  period  of  immersion  in  water  at  77°  F. 
Also  included  in  table  8  are  the  results  of  tests 
made  on  specimens  that  had  been  buried  out- 
doors with  top  surfaces  exposed  to  the  weather 
for  a  10-month  period.  In  addition  to  the 
above  tests,  compressive  strength  data  were 
obtained  for  various  periods  of  dry  storage  in 
laboratory  air  up  to  284  days.  These  data  are 
given  in  table  12.  The  compressive  strength 
results  for  all  conditions  of  storage  and  water 
exposure  are  summarized  in  the  form  of  bar 
diagrams  in  figure  7. 

A  study  of  the  data  shows  that  additive  A, 
when  used  in  the  cut-back  for  the  gravel  mix- 
ture, provided  no  improvement  over  the  un- 
treated cut-back.  However,  when  used  in 
the  granite  mixture  this  additive  resulted  in 
compressive  strengths  which,  for  all  conditions 
of  wet  storage,  were  considerably  higher  than 
the  corresponding  strengths  for  the  mixture 
containing  no  additive.     Additive  D  did  pro- 


Table  12. — Effect  of  length  of  storage  in  laboratory  air  on  compressive  strength  of  MC-2 

mixtures 


Coarse  aggregate,'  and  mix 
designation 

Additive 

Compressive  strength  after  storage 
in  air  at  room  temperature 

Compressive  strength  ratio  2  after 
storage  in  air  at  room  temperature 

0 
days 

74 
days 

144 
days 

284 
days 

0 
days 

74 
days 

144 
days 

284 
days 

Pit  gravel  mix: 

64 

None 

A 

P.  s.  i. 

43 
45 
38 
39 

64 
61 
61 
61 

P.  s.  i. 
82 
78 
82 
80 

98 
91 
95 
95 

P.  s.  i. 

93 
92 
92 
91 

115 
105 
114 
111 

P.  s.  i. 
121 
126 
116 
115 

140 
129 
134 
134 

Percent 
100 
100 
100 
100 

100 
100 
100 
100 

Percent 
191 
173 
216 
205 

153 
149 
156 
156 

Percent 
216 
204 
242 
233 

180 
172 
187 
182 

Percent 
281 
280 
305 
295 

219 
211 
220 
220 

65 _. 

66 

D 

B 

67. 

Granite  mix: 

68 

None 

A 

69 

70 

D 

71____ 

B... 

'  The  sand  fraction  was  river  sand  and  the  dust  fraction  was  silica  in  each  case. 
2  Ratio  of  final  strength  to  original  strength. 
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NO  ADDITIVE 


PIT  GRAVEL,  RIVER  SAND,  SILICA  DUST,  AND  MC-2  CUT-BACK 
ADDITIVE  A  ADDITIVE  D 


400 


300 


ADDITIVE  B 


200 


100 


NO  ADDITIVE 


GRANITE,  RIVER  SAND,  SILICA  DUST,  AND  MC-2  CUT-BACK 
ADDITIVE  A  ADDITIVE  D 


ADDITIVE  B 


300 


200 


100 


2te 


i  ,r. 


0  4 


74 


144       284     300 


0  4 


144       284     300  0  4        74 

STORAGE  TIME  IN  -  DAYS 


144       284     300 


144       284 


J 


DRY  STORAGE  IN  LABORATORY  AIR. 

FOUR  DAY  IMMERSION  AT  77°  F.  FOLLOWED  BY  ALTERNATE  DRYING  AND  WETTING.  EACH  CYCLE  CONSISTED  OF  10  DAYS  IN 
LABORATORY  AIR  AND   FOUR  DAYS  IN  WATER  AT  77"  F.   FIGURE  INSIDE  BAR  INDICATES  NUMBER  OF  CYCLES. 


^     TEN  MONTHS  EXPOSURE  TO  WEATHER  IN  A  SAND  BED  WITH  SURFACES  EXPOSED. 

Figure  7. — Effect  of  additives  on  retained  strength  ratio  in  exposure  tests  over  long  periods  of  time. 


vide  improvement  in  the  gravel  mixture  and 
was  somewhat  more  effective  than  additive  A 
in  the  granite  mixture.  Additive  B  was  very 
effective  for  both  mixtures.  In  the  mixtures 
where  this  additive  was  used,  the  compressive 
strengths  after  the  various  periods  of  alternate 
drying  and  wetting  were  almost  equal  to  or 


were  greater  than  the  compressive  strengths  for 
corresponding  periods  of  dry  storage.  Con- 
sidering the  extended  period  over  which  these 
tests  were  made,  the  beneficial  effect  of  certain 
additives,  when  used  with  medium-curing  cut- 
back asphalt,  would  appear  to  be  fairly 
permanent. 


Table  13. — Results  of  tests  on  mixtures  l  containing  asphalts  from  different  sources 


Asphalts 

Immersion 

■compression  test 

Source 

Pene- 
tra- 
tion 

Reaction  to  Oliensis  test 

Mix 
desig- 
nation 

Air  voids 

Compres- 
sive 

strength, 
dry 

After  4-dav  immersion 
at  120°  F. 

Compres- 
sive 
strength 

Retained 

strength 

ratio 

Volu- 
metric 
swell 

A 

89 
93 

78 
85 

72 
13 
73 
74 

Percent 
7.0 
6.5 
6.5 
6.5 

P.  s.  i. 
325 
265 
287 
297 

P.  s.  i. 
246 

175 
153 
148 

Percent 
7li 
66 
53 
50 

Percent 
0.5 
1.0 
2.0 

:'.  l 

B 

Negative..  .      --- 

c 

do ---- 

D   ..      

do 

i  Mixtures  contained  granite,  river  sand,  and  limestone  dust.    Gradation:  Passing  %-inch  sieve,  100  percent;  passing 
No.  10  sieve,  21  percent;  passing  No.  200  sieve,  6  percent.    Bitumen-aggregate  ratio.  4.9  percent. 
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In  connection  with  figure  7,  it  is  of  interest 
to  note  that  during  dry  storage  the  pit-gravel 
mixtures  increased  in  strength  at  a  much 
greater  rate  than  the  granite  mixtures.  The 
pit  gravel  had  an  absorption  of  1.7  percent  as 
compared  with  an  absorption  of  only  0.6  per- 
cent for  the  granite.  Since  absorption  of 
bituminous  material  is  gradual  and  continues 
over  a  long  period  of  time,  it  is  believed  that 
the  difference  in  absorption  between  the  two 
aggregates  is  largely  responsible  for  the  differ- 
ence in  the  rate  at  which  their  mixtures  increase 
in  strength. 

The  use  of  inferior  aggregates  is  not  neces- 
sarily the  cause  of  all  stripping  failures. 
Many  of  the  failures  are  probably  caused  by 
asphalts  having  inferior  adhesive  qualities. 
This  is  indicated  by  the  data  in  table  13.  The 
results  given  in  this  table  show  that  asphalts 
of  the  same  grade  from  different  sources  may 
vary  widely  in  their  resistance  to  the  action  of 
moisture. 
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THE  GENERALLY  accepted  method  of 
testing  aggregate  for  reaction  with  the 
alkali  in  portland  cement  follows  suggestions 
made  by  T.  E.  Stanton  in  1941.1  In  this 
method,  the  aggregate  is  crushed,  if  necessary, 
to  sand  size,  and  used  with  high-  or  low-alkali 
cement  to  prepare  a  1:2  mortar.  The  mortar 
is  cast  into  bars  about  11%  inches  long  with 
a  1-  or  2-inch  square  cross  section.  These 
bars  are  cast  with  gage  plugs  positioned  in 
the  ends  to  give  a  gage  length  of  10  inches  in 
the  same  manner  as  in  the  cement  bars  for 
the  standard  method  of  test  for  autoclave 
expansion  of  portland  cement,  A.  S.  T.  M. 
Method  C  151. 2  The  bars  are  measured  for 
length,  using  a  comparator  reading  to  0.001 
inch  or  less,  and  stored  in  moist  air.  At 
periodic  intervals,  the  bars  are  again  measured 
to  determine  the  amount  of  expansion,  if  any. 
With  extremely  reactive  materials,  a  decision 
regarding  the  use  of  the  material  with  a  given 
type  of  cement  may  be  made  in  a  few  months, 
but  usually  the  tests  must  be  continued  for 
one  or  more  years. 

This  method  of  test  has  several  disadvan- 
tages. Possibly  the  most  serious  is  the  time 
usually  required  to  test  a  material  other  than 
one  which  is  extremely  reactive  with  the 
alkali.  When  this  time  exceeds  a  month, 
as  it  usually  does,  the  method  becomes 
unsuitable  for  the  routine  or  acceptance 
testing  of  aggregates.  When  samples  of 
coarse  aggregate  are  prepared  for  test  by 
crushing  the  material  to  sand  size,  all  of  the 
cru  ihed  material  customarily  is  used  in 
preparing  the  mortar.  In  early  studies  of 
alkali-reactive  aggregates,  it  was  found  that 
the  size  of  the  reactive  aggregate  had  a 
marked  effect  on  the  amount  of  expansion. 
If  the  reactive  aggregate  was  crushed  fine 
enough,  the  mortar  would  develop  little  if  any 
expansion.  This  same  behavior  may  be  found 
in  tests  of  crushed  aggregate  when  finely 
flushed  fragments  are  included  in  the  sample 
tested.  Other  disadvantages  of  the  method 
include  the  fragility  of  the  bars,  especially 
when  the  smaller  bar  is  used,  and  the  difficulty 
of  maintaining  a  saturated  atmosphere  for 
storing  the  bars.  A  method  frequently  used 
for  storing  the  bars  consists  of  placing  the 


!  Expansion  of  concrete  through  reaction  between  cement  and 
aggregate  (Discussion),  by  T.  E.  Stanton;  Proceedings  of  the 
American  Society  of  Civil  Engineers,  vol.  67,  p.  1402,  Sep- 
tember 1941. 

2  Standard  method  of  test  for  autoclave  expansion  of  portland 
cement,  194G  Book  of  A.  S.  T.  M.  Standards,  part  II,  p.  14. 


The  generally  accepted  test  method  for 
determining  the  susceptibility  of  aggregates 
to  reaction  with  the  alkali  in  cement  re- 
quires many  months  of  observation  and 
involves  a  number  of  difficulties.  Acceler- 
ated tests  heretofore  proposed  are  found 
lacking  in  both  simplicity  and  reliability. 

The  authors  have  developed  a  simple  test 
method  considered  suitable  for  detection  of 
reactive  materials  in  a  period  of  1  month  or 
less.  Mortar  or  concrete,  made  with  the 
aggregate  under  test  and  a  high-alkali  ce- 
ment, is  sealed  in  a  pint  mason  jar,  which  is 
stored  in  an  inverted  position.  The  jar  is 
examined  daily  until  multiple  cracking  of 
the  glass  occurs,  or  until  a  reasonable  age  is 
reached  without  cracking.  The  method  is 
suitable  for  field  use  since  the  test  is  simple 
and  of  relatively  short  duration,  and  the 
equipment  is  inexpensive  and  readily  ob- 
tained. 


bars  above  a  pool  of  water  in  a  metal  con- 
tainer, and  sealing  the  cover.  With  a  long 
storage  period  between  consecutive  inspections 
of  the  bars,  and  the  use  of  galvanized  con- 
tainers, the  loss  of  water  and  subsequent 
drying  of  the  specimens  because  of  the  develop- 
ment of  pin  holes  in  the  container  has  fre- 
quently been  reported. 

In  an  attempt  to  accelerate  the  reaction 
between  the  alkali  in  the  cement  and  the 
aggregate,  the  addition  to  the  mortar  of  1  per- 
cent of  sodium  hydroxide,  by  weight  of  the 
cement,  has  been  tried.  In  some  instances 
mortar  so  treated  has  been  found  to  have  as 
much  expansion  at  an  age  of  3  months  as 
plain  mortar  developed  in  a  year.  Unfortu- 
nately, for  some  reason  which  has  not  been 
determined,  a  satisfactory  correlation  between 
the  two  methods  has  not  been  established. 
Too  frequently,  a  treated  mortar  prepared 
with  a  high-alkali  cement  will  show  an  exces- 
sive amount  of  expansion  at  an  early  age  but 
plain  mortar  prepared  with  the  same  cement 
will  develop  only  a  small  amount  of  expansion 
at  considerably  greater  ages.  In  contrast  to 
this,  repeated  tests  have  shown  that  when  a 
low-alkali  cement  is  used  with  a  reactive 
aggregate,  the  addition  to  the  mortar  of  1  per- 
cent of  sodium  hydroxide,  by  weight  of  the 
cement,  does  not  change  materially  the  amount 
of  expansion  developed  by  the  mortar.  In 
spite  of  the  lack  of  agreement  between  the 
results    obtained    with    the    long-time    and 


accelerated  tes^s,  the  use  of  mortar  treated 
with  sodium  hydroxide  has  been  found  of 
value  in  furnishing  at  an  age  of  3  months  infor- 
mation as  to  whether  the  material  under  test 
is  unlikely  to  develop  excessive  expansion  at 
some  greater  age  when  tested  in  plain  mortar. 
If  the  treated  mortar  prepared  with  high- 
alkali  cement  fails  to  show  excessive  expansion 
at  an  age  of  3  months,  the  aggregate  used  may 
be  considered  to  be  relatively  nonreactive. 
However,  if  the  mortar  shows  high  expansion 
in  the  accelerated  test,  no  definite  conclusion 
can  be  drawn. 

In  further  search  for  an  accelerated  test  for 
the  alkali-aggregate  reaction,  study  was  given 
to  a  method  proposed  by  Alderman,  Gaskin, 
and  Vivian.3  This  method  involves  the 
warping  of  a  slab  of  mortar  due  to  differential 
expansion  between  the  two  mortars  with 
which  _the  specimen  is  prepared.  Both 
mortars  are  prepared  with  the  same  cement. 
In  one  mortar,  a  nonreactive  sand  is  used,  and 
the  aggregate  under  test  is  used  in  the  second 
mortar.  One  mortar  is  used  to  form  a  layer 
2-  by  4-  by  %-inch  thick,  and  a  layer  of  equal 
thickness  of  the  second  mortar  is  placed  on 
and  bonded  to  the  first  layer  as  rapidly  as 
possible.  When  the  specimen  is  removed 
from  the  mold  at  an  age  of  24  hours,  it  is 
placed  in  moist,  storage.  If  the  mortar  in  one 
layer  expands  more  than  the  other  due  to  the 
chemical  reaction,  the  slab  will  warp.  The 
warping  is  stated  to  be  preceded  by  the 
appearance  of  damp-looking  spots  on  the  sur- 
face of  the  reactive  mortar,  but  the  develop- 
ment of  the  spots  is  not  always  followed  by 
warping.  In  the  Australian  tests,  the  speci- 
mens were  stored  at  room  temperature  (58° 
to  59°  F.)  and  at  110°  F.  Those  prepared 
with  cements  containing  0.41  to  1.09  percent 
alkali,  expressed  as  sodium  oxide,  and  a  very 
reactive  aggregate,  and  stored  at  the  higher 
temperature,  developed  prominent  spots  in 
2  to  8  days,  and  prominent  warping  in  3  to  37 
days.  Bar  specimens  made  with  these  same 
cements  and  stored  at  room  temperature 
showed  from  0.33  to  0.68  percent  expansion 
at  an  age  of  12  months. 

A  representative  number  of  samples  of  both 
cements  and  aggregates  were  tested  with  the 
Australian  slab  method  by  the  Public  Roads 
Administration.     Some  of  the  aggregates  for 

3  A  qualitative  test  for  cement-aggregate  reaction,  by  A.  R. 
Alderman,  A.  J.  Gaskin,  and  H.  E.  Vivian;  Journal  of  the 
Council  for  Scientific  and  Industrial  Research,  Common- 
wealth of  Australia,  vol.  18,  No.  4.  p.  433,  Nov.  1945. 
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these  tests  were  crushed  to  sand  size  and  all 
were  sieved  to  pass  a  No.  30  sieve  and  be 
retained  on  a  No.  50  sieve.  Ottawa  sand 
graded  to  meet  the  requirements  given  in 
A.  S.  T.  M.  Method  C  109  *  was  used  as  the 
inert  aggregate.  This  material  is  graded 
between  the  No.  30  and  No.  100  sieves.  At 
first,  a  mold  for  a  single  2-  by  4-inch  slab  was 
used,  as  recommended  by  the  originators  of 
the  method.  The  time  required  to  prepare 
and  clean  these  single  molds  was  considered 
excessive,  and  new  molds  to  prepare  a  slab 
2  by  12  inches  were  made.  After  the  mold 
had  been  filled,  the  specimen  was  cut  into 
three  pieces  of  equal  length.  Storage  of  the 
test  specimens  presented  a  problem,  which 
was  finally  solved  by  the  use  of  pint  mason 
jars.  The  specimen  was  supported  above  a 
small  pool  of  water  in  the  jar  by  a  block  of 
brass  or  mortar,  and  the  jars  stored  at  70°  to 
80°  F.,  or  at  120°  F. 

AUSTRALIAN  METHOD  TESTED 

In  the  original  report  the  authors  state  that 
the  "bi-aggregate  slabs  have  not  failed  to  indi- 
cate expansive  reaction  in  mortars  which  at 
atmospheric  temperatures  have  developed  sig- 
nificant  expansions   in   twelve   months,"  and 
that,  "in  no  instances  have  bi-aggregate  slabs 
given  indications  of  expansive  reaction  which 
were  not  fully  substantiated  by  other  observa- 
tions."    The  mention  of  "atmospheric  tem- 
peratures" is  understood  to  refer  to  the  room 
temperatures   used  in   the    Australian   tests. 
The  tests  made  by  the  Public  Roads  Adminis- 
tration do  not  support  these  statements  fully. 
Many  instances  have  been  found  where  reac- 
tive mortars,  as  determined  by  other  tests, 
have  failed  to  develop  the  spotting  or  warping 
which  are  stated  to  be  indicative  in  the  bi- 
aggregate    slab    test.     In    other    cases,    very 
severe  spotting  has  developed  on  slabs  pre- 
pared with  a  mortar  which,  to  an  age  of  3 
years,  has  shown  only  an  immaterial  amount 
of  expansion  in  bar  tests.     These  slabs  did 
not  warp,  and  the  question  arises  whether  the 
spotting  itself  may  be  considered  to  indicate 
the  alkali-aggregate  reaction.     When  the  in- 
dication of  the  reaction  was  limited  to  marked 
warping  of  the  slab,  the  test  was  found  to  be 
no  more  rapid  than  the  accelerated  bar  test. 
in  which  the  mortar  was  treated  with  sodium 
hydroxide.     Of  these  two  tests,  the  latter  was 
preferred  due  to  its  quantitative  determina- 
tions.    Attempts    to    obtain    a    quantitative 
measure  of  warping  in  the  slab  test  through 
the  use  of  feeler  gages  did  not  prove  satisfac- 
tory,   as    the    determinations    could    not    be 
checked  with  sufficient  accuracy. 

An  attempt  to  use  bi-aggregate  slabs  12 
inches  long  has  been  made  with  the  thought 
that  warping  of  the  slab  could  be  detected  at 
a  much  earlier  age.  Some  difficulties  in  the 
preparation  of  a  slab  of  uniform  density 
throughout  its  length  have  been  found,  and 
the  handling  and  storage  of  slabs  12  inches 
long  and  only  one-fourth  inch  thick  have  pre- 
sented some  problems.  No  decision  as  to  the 
suitability  of  these  specimens  has  been 
reached. 


*  Standard  method  of  test  for  compressive  strength  of  hydraulic 
cement  mortars,  1947  Supplement  to  Book  of  A.  S.  T.  M. 
Standards.    Part  II,  p.  43. 


SIMPLE  TEST  SOUGHT 

The  use  of  large  numbers  of  aggregates  ob- 
tained from  noncommercial  sources  in  the 
western  part  of  the  country  caused  some 
thought  to  be  given  to  the  development  of  a 
method  of  test  for  alkali-aggregate  reaction 
which  could  be  made  with  a  minimum  of  test- 
ing equipment  and  with  no  requirements  for 
delicate  or  expensive  apparatus.  The  devel- 
opment of  such  a  test  would  permit  the  ex- 
amination of  samples  of  aggregate  in  field 
offices  and  reduce  the  number  of  samples  sub- 
mitted to  the  laboratory  for  more  thorough 
tests.  In  an  effort  to  develop  this  test  some 
study  was  given  to  the  preparation  of  a  hard 
and  brittle  container  of  mortar  to  enclose  the 
mortar  prepared  with  the  aggregate  under 
test.  This  was  on  the  assumption  that, 
should  the  mortar  under  test  develop  expan- 
sion due  to  chemical  reaction,  the  expansion 
would  crack  the  external  mortar  shell  and 
reveal  the  reactive  character  of  the  aggregate 
at  an  early  age.  Difficulties  were  found  in  the 
preparation  of  the  hard  mortar  containers. 
Although  a  hard  mortar  could  be  obtained 
with  a  1:2  mix  and  a  water-cement  ratio  of 
0.25,  the  mortar  had  to  be  tamped  in  place 
and  specimens  of  uniform  density  were  seldom 
obtained. 

MASON  JARS  AS  CONTAINERS 

To  furnish  a  hard  and  brittle  container  for 
samples  of  mortar  under  test  for  alkali  activ- 
ity, the  use  of  mason  jars  was  suggested  and 
tried  initially  by  the  junior  author.     These 
proved  quite  successful  and  a  large  program 
of  tests  to  determine  the  suitability  of  the 
method  was  begun.     The  mortars  included  in 
the  first  series  of  tests  were  prepared  with 
known  reactive  and   nonreactive  aggregates, 
and  both  high-  and  low-alkali  cements.     The 
jars  used  had  various  shapes  of  horizontal  cross 
section.     In  some  the  cross  section  was  cir- 
cular; in  others  the  cross  section  was  square 
with  rounded  corners  of  short  radius;  and  in  a 
third  type  the  radii  of  the  rounded  corners 
were  so  large  that  the  cross  section  approached 
the  circular.     Some  jars  were  filled  to  the  neck; 
others  were  filled  about  half  full.     After  the 
mortar  had  been  placed  in  the  jar,  the  jar  cap 
was  fastened  and  the  jar  set  aside  until  the 
mortar  hardened.     A  small  amount  of  water, 
about  25  ml.,  was  then  added  to  each  jar,  and 
the  cover  replaced.     Later  in  the  study  of  the 
method,  it  was  suggested  that  the  jars  be  in- 
verted after  the  water  had  been  added  to  the 
jar,  to  insure  that  the  alkali  in  the  mortar 
would  not  be  leached  out.     This  practice  was 
followed,  not  necessarily  to  prevent  leaching 
of  the  alkali,  but  to  permit  more  ready  detec- 
tion of  cracking  in  the  jar.     Another  sugges- 
tion,   based    on    the    behavior    of    specimens 
containing   reactive   aggregates   and    treated 
with  acid  solutions,  involved  the  addition  of 
about  5  ml.  of  concentrated  hydrochloric  acid 
to  each  jar  of  mortar.     This  was  added  to  the 
mortar  immediately  after  preparation  of  the 
test  sample.     No  benefit  to  the  test  procedure 
or  acceleration  of  the  reaction  was  found  with 
this  treatment. 


Some  disappointing  results  were  obtained 
in  the  first  series  of  tests.  A  large  number  of 
jars  containing  mortar  prepared  with  high- 
alkali  cement  and  a  nonreactive  aggregate 
failed  at  an  early  age.  Other  jars  containing 
reactive  mortar  did  not  fail  within  a  reasonable 
length  of  time.  Some  jars  cracked,  while 
others  containing  the  same  mortar  did  not. 
The  failure  of  the  jars  containing  a  high-alkali 
cement  and  an  inert  sand  was  traced  to  a  reac- 
tion between  the  cement  and  the  glass  of  the 
jar.  This  was  subsequently  prevented  by 
coating  the  jar  with  an  alkali-proof  paint. 
A  number  of  coating  materials  were  tried  but 
best  results  were  obtained  with  pigmented 
materials  having  a  chlorinated  rubber  or  a 
vinyl  resin  base.  Of  these  two,  that  with  the 
chlorinated  rubber  base  is  preferred.  The 
coating  material  with  the  vinyl  resin  base 
seems  to  be  tougher  and  less  liable  to  damage 
when  the  jar  is  being  filled,  but  that  with  the 
rubber  base  has  a  less  objectionable  odor,  is 
easy  to  handle,  and  dries  very  rapidly. 
Several  different  colors  of  the  rubber  base 
finish  were  tried,  including  white,  black,  and 
gray.  The  white  coating  is  not  desirable  as  it 
interferes  with  the  detection  of  the  dried  gel— 
the  end  product  of  the  alkali-aggregate  reac- 
tion— when  the  mortar  is  removed  for  inspec- 
tion from  the  jar  after  failure. 

The  mechanical  strength  of  the  jars  un- 
doubtedly has  a  considerable  influence  on  the 
results  of  this  test,  and  the  variable  results 
obtained  in  the  first  series  of  specimens  pos- 
sibly were  due  to  the  use  of  different  types  of 
jars  of  variable  strength.  From  observation 
of  the  test  results  obtained,  the  least  desirable 
type  of  jar  appeared  to  be  that  with  a  square 
cross  section  and  rounded  corners  of  short 
radius.  Many  jars  of  this  type  failed  only  at 
the  junction  between  the  sides  and  the  bottom, 
and  it  appears  that  this  is  the  weakest  point 
in  the  jar.  Jars  with  a  truly  round  cross 
section  appeared  to  give  the  most  uniform 
results  but  difficulty  was  found  in  obtaining 
these.  Those  most  readily  available  seem  to 
be  the  square  jar  with  short  radius  corners 
and  the  jar  with  heavily  rounded  corners  and 
a    cross    section    approaching    the    circular. 

OTHER  JAR  TYPES  TESTED 

Some  jars  used  in  these  tests  contained  stria- 
tions  or  mold  marks  in  the  glass,  and  an  at- 
tempt was  made  to  obtain  a  jar  of  more 
uniform  quality.  Consideration  was  given  to 
glass  jars  used  for  packaging  foodstuffs,  such 
as  mayonnaise,  and  these  jars  were  compared 
for  uniformity  with  the  mason  jars  of  nearly 
circular  cross  section.  The  results  obtained 
with  the  two  types  of  jar  differed  so  little  that 
it  was  decided  to  adopt  the  latter  for  use  in 
the  test,  or  the  round  mason  jar  when  it  could 
be  obtained.  These  investigations  indicated 
that  it  would  be  desirable  to  make  more  than 
one  jar  specimen  for  each  mortar,  and  the 
practice  of  preparing  three  jars  of  a  kind  was 
adopted.  The  use  of  smaller  containers  such 
as  shell  vials  was  tried  and  found  satisfactory 
in  tests  of  mortars,  but  the  pint  mason  jar  is 
preferred  as  this  can  be  used  for  testing  con- 
crete with  a  maximum  size  of  aggregate  of  at 
least  1  inch. 


PUBLIC   ROADS  •  Vol.  25,  No.  6 


119 


Storage  of  the  jars  at  room  temperature  has 
been  the  general  practice  in  most  tests  con- 
ducted to  date  as  this  condition  probably 
would  be  followed  in  tests  in  the  field.  Some 
tests  were  made  at  120°  F.  to  determine  the 
effect  of  the  higher  temperature.  Included 
in  this  group  were  test  specimens  for  a  number 
of  gravels  composed  essentially  of  quartz  and 
chert.  Many  of  these  jars  broke  at  a  very 
early  age,  in  several  cases  at  only  2  or  3  days, 
and  it  was  suspected  that  the  cracking  of  the 
jar  might  have  been  caused  cither  by  increase 
in  volume  of  the  aggregate  due  to  absorption 
of  water,  or  to  expansion  of  the  mortar  or 
concrete  due  to  heat.  To  investigate  these 
possibilities  a  series  of  tests  was  made  on 
samples  of  concrete  prepared  with  high-alkali 
cement,  quartz  sand,  and  a  gravel  containing 
chert  or  a  crushed  granite.  Both  coarse  ag- 
gregates were  graded  between  the  1-inch  and 
No.  4  sieves.  A  batch  of  concrete,  sufficient 
for  six  jars,  of  1:2:3  mix  was  prepared,  with 
each  coarse  aggregate  in  an  oven-dry  or  satu- 
rated condition.  Three  of  each  group  of  six 
jars  were  stored  at  laboratory  temperature 
until  the  concrete  hardened.  The  other  three 
were  placed  in  a  cabinet  held  at  120°  F.,  as 
soon  as  they  were  prepared.  At  an  age  of  24 
hours,  water  was  added  to  all  jars,  and  those 
which  had  been  stored  at  laboratory  tempera- 
ture were  placed  in  the  warm  storage  cabinet. 
The  jars  were  inspected  daily  for  the  develop- 
ment of  cracking,  and  the  test  continued  to  an 
age  of  71  days. 

CAUSES  OF  FAILURE 

The  results  obtained  in  this  series  of  tests 
indicate  that  failure  of  the  jars  may  be  caused 
entirely  by  volume  changes  due  to  absorption 
of  water  by  certain  coarse  aggregates,  or  by 
the  thermal  volume  change  of  hardened  con- 
crete. Consequently,  coarse  aggregates  used 
in  this  test  should  be  saturated  prior  to  mix- 
ing if  they  contain  types  of  aggregate  which 
have  a  large  amount  of  absorption.  Included 
in  these  types  of  aggregates  are  chert  and  some 
varieties  of  limestone.  If  the  jars  are  stored 
at  an  elevated  temperature,  they  should  be 
placed  in  this  storage  before  the  contents  of 
the  jar  have  hardened.  It  should  be  stated 
that  in  tests  of  fine  aggregate,  that  is,  material 
passing  the  No.  4  sieve,  no  difficulty  due  to 
failure  by  thermal  volume  change  has  been 
found. 

The  mason  jar  test  is  being  used  in  studies 
of  1  he  effect  of  an  admixture  of  a  finely  divided 
siliceous  material  on  the  alkali-aggregate  reac- 
tion. In  a  preliminary  investigation,  con- 
cerned primarily  with  the  amount  of  this  ad- 
mixture to  be  used  in  a  reactive  mortar,  the 
results  shown  in  figure  1  were  obtained.  This 
figure  is  presented  to  show  that  quantitative 
results  can  be  obtained  with  this  method  of 
test.  All  specimens  were  prepared  with  a 
high-alkali  cement,  and  all  contained  opal  ex- 
cept one  group  of  reference  specimens.  Each 
point  in  figure  1  represents  an  average  of 
three  specimens.  The  tests  were  discontinued 
at  an  age  of  30  days,  when  all  except  the  refer- 
ence specimens  had  failed.  With  few  excep- 
tions, the  three  jars  in  each  group  gave  con- 


Figure  1. — Example  of 
use  of  mason  jar  test. 


OPAL     IN     SAND,     PERCENT 

sistenl  results.  In  the  entire  set  of  21  groups 
containing  reactive  aggregate,  the  three  jars 
in  each  of  14  groups  broke  at  the  same  age, 
or  at  an  age  of  within  1  day  of  the  average 
for  the  three  jars.  In  only  four  groups  did 
any  of  the  jars  break  at  an  age  more  than 
2  days  from  the  average.  As  all  jars  devel- 
oped the  same  type  of  cracking,  it  is  believed 
that  a  marked  difference  between  the  ages  of 
failure  of  specimens  of  a  group  may  be  due  to 
differences  in  strength  between  the  jars. 
Methods  for  classifying  jars  prior  to  use  are 
being  considered. 

The  test  is  considered  of  most  value  for  the 
rapid   determination   of  the  susceptibility   of 
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aggregates  to  alkali,  and  for  the  determina- . 
tion  of  the  compatibility  of  given  combinations 
of  cement  and  aggregates.  The  test  speci- 
mens are  prepared  readily  with  very  simple 
equipment.  Although  a  balance  has  been 
used  to  weigh  the  components  of  the  mortar 
or  concrete,  proportioning  of  the  mix  by 
volume  should  be  satisfactory.  For  1:2 
mortars,  a  water-ce  nent  ratio  of  0.5  by  weight, 
or  0.75  by  volume,  has  been  found  suitable. 
When  it  is  desired  to  test  concrete  mixtures, 
sufficient  water  to  give  a  plastic  mix  should 
be  used.  The  prepared  mortar  or  concrete  is 
placed  in  the  coated  jar,  with  care  to  prevent 
scratching  the  coating,  and  the  bottom  of  the 
jar  struck  severjl  times  with  the  palm  of  the 
hand  to  settle  the  contents.  The  jar  is  then 
capped.  At  an  age  of  20  to  24  hours,  about 
25  ml.  of  water  is  added  to  the  jar,  the  cap 
replaced  firmly,  and  the  jar  placed  in  storage. 
Daily  inspection  of  the  jars  is  advisable. 
When  the  jars  are  stored  in  an  inverted  posi- 
tion, the  cracking  frequently  can  be  seen  with- 
out moving  the  jar  if  the  bottom  and  an  inch 
or  so  of  the  side  of  the  jar  can  be  inspected. 

Various  forms  of  cracking  are  found. 
Sometimes  a  simple  vertical  crack  will  appear. 
If  this  cracking  does  not  develop  further,  it  is 
considered  to  indicate  an  expansion  of  very 
low  order,  resulting  possibly  from  an  alkali- 
aggregate  reaction  which  may  be  dismissed 
as  immaterial.  However,  if  simple  cracking 
progresses  into  multiple  cracking  or,  as  is 
most  often  the  case,  the  jar  develops  multiple 
cracking  at  the  initial  failure,  the  failure  may 
be  considered  to  indicate  an  aggregate  of  high 
susceptibility  to  reaction  with  the  alkali  in 
cement.  Sketches  of  jars  showing  simple 
cracking,  simple  cracking  which  developed 
into  multiple  cracking,  and  initial  multiple 
cracking  are  shown  in  figure  2. 


INITIAL   MULTIPLE 
CRACKING 


INITIAL    MULTIPLE 
CRACKING 


Figure  2. — Failures  of  mason  jars  (developed  views  of  sides  and  bottom  of  jars). 
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The  great  upsurge  of  motor-vehicle  travel  since  the  end  of  the  war  has  directed 
public  attention  to  the  rapidly  mounting  inadequacy  of  our  road  and  street  systems. 
It  was  realized  years  ago  that  complete  appraisal  of  the  entire  field  of  highway  trans- 
portation was  needed,  and  the  highway  planning  surveys,  undertaken  in  the  middle 
1930's,  were  conceived  for  that  purpose. 

The  preparation  of  all-inclusive,  long-range  plans  is  increasingly  urgent.  Several 
States  have  recently  completed  or  have  under  way  the  preparation  of  comprehensive 
reports  on  the  engineering,  financial,  and  administrative  phases  of  highway  needs. 
These  reports,  which  are  actually  the  expected  culmination  of  the  State  highway 
planning  surveys,  are  usually  prepared  under  the  auspices  of  a  specially  created  high- 
way study  committee  of  the  State  legislature,  and  are  conducted  in  cooperation  with 
each  level  of  government  having  jurisdiction  over  highways,  roads,  or  streets.  The 
cooperation  of  other  groups  interested  in  the  highway  program,  such  as  the  motor- 
vehicle  user  groups,  local  civic  associations,  and  farm  and  business  interests,  is  like- 
wise essential. 

Preparation  of  the  reports  of  highway  needs  requires  consolidation  of  all  available 
factual  data,  most  of  which  is  at  hand  in  the  planning  surveys;  collection  of  additional 
data  needed  to  round  out  the  portrayal  of  the  current  situation;  and  recommenda- 
tion of  the  program  for  future  action.  Up  to  the  present  time,  the  engineering  phases 
of  the  long-range  reports  have  imposed  the  greatest  demand  upon  the  time,  talent, 
and  ingenuity  of  the  highway  engineers  in  those  States  that  have  undertaken  them. 
Accordingly,  the  following  discussion  relates  principally  to  the  means  by  which  the 
preparation  of  the  engineering  report  is  placed  under  way  and  some  of  the  more 
unusual  problems  encountered,  in  the  conduct  of  this  phase  of  a  long-range  highway 
needs  study. 


RAPID  INCREASES  in  motor-vehicle 
ownership  and  travel  that  have  developed 
since  the  end  of  World  War  II  are  bringing  into 
focus  the  major  weaknesses  of  the  Nation's 
highways,  roads,  and  streets — obsolescence, 
deterioration,  and  congestion,  just  to  mention 
a  few.  New  problems  in  providing  adequate 
facilities  have  arisen  from  significant  popula- 
tion shifts,  from  changes  in  land  ussge,  and 
from  other  factors  such  as  increased  mechani- 
zation and  development  of  new  industries  dur- 
ing and  after  the  war.  The  backlog  of  deferred 
work  that  accumulated  during  the  war; 
the  present  shortages  of  labor,  equipment, 
materials,  and  transportation;  and  the  cur- 
rent price  situation  have  created  additional 
problems. 

It  was  realized,  years  ago,  that  a  complete 
appraisal  of  the  entire  field  of  highway  trans- 
portation, and  its  relation  to  other  forms  of 
transportation,  was  urgently  needed.  The 
highway  planning  surveys,  undertaken  in  the 
middle  1930's  by  the  State  highway  depart- 
ments in  cooperation  with  the  Public  Roads 
Administration,  had  that  goal  for  their  pur- 
pose. These  surveys  were  conceived  as  instru- 
ments for  the  collection,  analysis,  interpreta- 
tion, and  summarization  of  complete  factual 
data  relating  to  the  construction,  maintenance, 
operation,  and  administration  of  all  branches 
of  the  highway  plant.  Their  ultimate  aim, 
and  the  primary  one,  was  the  preparation  of  a 
documented,  comprehensive  report  concerning 
adequate  highway  systems,  and  means  for 
their  fulfillment. 
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Over  the  past  3  years  the  need  for  such  all- 
inclusive,  long-range  plans  has  become  in- 
creasingly apparent.  It  has  become  evident 
that  prewar  policies,  necessarily  of  restricted 
scope  because  they  were  largely  dictated  by 
the  limited  revenues  available  for  expenditure, 
would  be  wholly  inadequate  to  cope  with 
mounting  highway  '  needs.  Demands  for  im- 
provement come  from  all  sides,  for  all  classes 
of  highways,  from  the  lightly  traveled  country 
road  to  the  heavily  traveled  city  thoroughfare. 

THREE  PHASES  OF  STUDY 

Out  of  the  present  situation  has  come  an 
urgent  interest,  on  the  part  of  an  increasing 
number  of  States,  in  the  intensive  studies  of 
long-range  needs — the  studies  which  were, 
more  than  10  years  ago,  set  forth  as  the  goal 
of  the  highway  planning  surveys. 

These  long-range  needs  studies,  as  proposed 
when  the  planning  surveys  were  first  initi- 
ated— proposals  still  valid  and  timely — can  be 
divided  logically  into  three  phases: 

The  engineering  study. — This  involves  an 
engineering  appraisal  of  the  improvements 
needed  and  costs  involved  in  bringing  the 
highways  up  to  required  standards. 

The  finance  and  taxation  study. — This  in- 
cludes studies  of  methods  of  financing  the 
program,  determinations  of  responsibility  of 
Mipport  for  various  classes  of  roads  and  streets, 
degree  of  support  by  classes  of  users,  etc. 

>  Throughout  this  report  all  classes  of  highways,  roads,  and 
sheets  are  frequently  referred  to  simply  as  "highways." 


The  administrative  study. — This  includes  ap- 
praisal of  the  administrative  relationships 
and  controls  necessary  for  orderly  prosecution 
of  the  program  and  of  the  organizational 
structures  and  operating  practices  of  various 
governmental  units  having  jurisdiction  over 
highways. 

Work  in  connection  with  these  phases  can 
be  conducted  simultaneously  and  completed 
at  about  the  same  time,  but  whether  it  is 
preferable  to  issue  the  reports  separately  or 
in  combination  is  a  matter  to  be  decided  in 
each  particular  instance. 

There  are,  of  course,  considerable  over- 
lapping interests  between  each  of  the  three 
categories.  Up  to  the  present  time,  the 
engineering  phases  of  the  long-range  reports 
have  imposed  the  greatest  demand  upon  the 
time,  services,  talent,  and  ingenuity  of  the 
highway  engineers  in  those  States  which  have 
undertaken  such  comprehensive  studies.  Be- 
cause of  this  circumstance,  and  because  a 
sound  engineering  appraisal  of  highway  needs 
is  an  absolute  and  basic  essential  to  any  study 
of  financing  and  administration,  the  following 
discussions  will  relate  principally  to  the  engi- 
neering phases  of  the  long-range  highway 
needs  reports. 

FIRST  REPORTS  COMPLETED 

The  first  of  the  comprehensive  engineering 
reports  as  contemplated  by  the  planning 
surveys,  covering  all  highways  in  a  State, 
were  Engineering  Facts  and  a  Future  Program 
prepared  for  the  California  legislature  in  1946 
and  Highway  Needs  in  Michigan  prepared  by 
the  Michigan  Good  Roads  Federation  in  1947. 
Other  States  have  recently  completed  or  have 
under  way  the  preparation  of  engineering 
reports  following  somewhat  the  same  general 
pattern.  It  should  be  recognized  that  im- 
provements in  the  method  of  approach  and 
presentation  of  results  are  continually  being 
made  and  that  there  is  no  fixed  step-by-step 
procedure  to  follow.  Each  study  must  be 
conducted  in  a  fashion  that  conforms  most 
nearly  to  the  requirements  for  the  particular 
State. 

The  elements  of  a  long-range  program  are 
such  that  they  cannot  be  handled  SUCi 
fully  when  limited  to  a  single  class  of  roads  or 
to  a  single  jurisdictional  unit.  The  long-range 
program  must  be  developed  on  a  broad  base, 
and  experience  has  demonstrated  that  it  must 
embrace  every  mile  of  highway,  road,  and 
street  in  the  State. 

Further,  the  success  of  the  long-range  pro- 
gram  depends   upon   the   support   given   by 

121 


various  levels  of  government — State,  counties, 
cities,  towns,  townships,  and  boroughs — and 
by  various  other  groups  interested  in  the  high- 
way program,  such  as  the  motor-vehicle  user 
groups,  municipal  and  county  leagues  or  asso- 
ciations, farm  and  business  interests,  the  con- 
struction industry,  equipment  manufacturers, 
and  materials  producers.  Each  of  these  must 
participate  to  the  maximum  extent  to  insure 
that  the  long-range  program  is  soundly  con- 
ceived and  executed  and  in  the  best  interests 
of  all  groups  concerned  and  of  the  public 
at  large. 

SPONSORSHIP  OF  STUDY 

There  are  various  means  of  sponsoring  the 
preparation  of  a  long-range  highway  program. 
Among  these  are  (1)  a  committee  created  by 
the  State  legislature,  (2)  a  committee  appoint- 
ed by  the  Governor,  and  (3)  a  committee 
established  by  a  citizens'  association  or  a 
road-user  group.  In  the  latter  two  cases,  it 
is  desirable  that  the  legislature  be  involved 
at  least  to  the  extent  of  creating  an  advisory 
committee  to  work  with  the  sponsoring 
committee. 

From  an  engineering  standpoint,  the  State 
highway  department  is  admittedly  the  organi- 
zation best  qualified  to  conduct  the  compre- 
hensive study  of  highway  needs  in  a  particular 
State.  Hence,  in  some  instances,  the  legis- 
lature or  the  Governor  may  direct  the  State 
highway  department  to  make  the  entire  study. 
This  procedure  is  not  usually  employed,  how- 
ever, because  of  the  numerous  public  relations 
problems  involved.  By  its  very  nature,  a 
governmental  agency  is  limited  in  the  scope 
of  the  problems  it  can  handle  without  sus- 
picion of  bias,  especially  in  fields  into  which  its 
activities  and  jurisdiction  do  not  normally 
extend. 

Because  of  the  need  for  dealing  with  agen- 
cies at  various  levels  of  government,  and  with 
the  many  public  and  private  groups  having 
varying  degrees  of  interest  in  the  numerous 
problems  affecting  the  highway  program,  it 
appears  preferable  in  most  instances  to  con- 
duct a  long-range  highway  needs  study  under 
a  legislative  mandate  by  means  of  a  specially 
created  committee  composed  of  representatives 
of  all  parties  concerned.  If,  because  of  the 
unwieldiness  of  a  large  group,  it  is  not  practi- 
cable to  afford  complete  representation  to  all 
parties  on  the  parent  committee,  advisory 
subcommittees  can  be  created  to  enable  their 
active  participation. 

For  reasons  similar  to  those  previously 
cited,  the  parent  committee  will  ordinarily 
prefer  to  have  the  study  headed  by  an  outside 
specialist  in  this  field  rather  than  by  a  member 
of  the  State  highway  department.  In  this 
connection,  however,  it  may  be  pointed  out 
that  the  talent  currently  available  and  quali- 
fied to  organize  and  carry  to  satisfactory  com- 
pletion an  engineering  study  of  this  magni- 
tude is  extremely  limited. 

There  are  various  means  of  financing  these 
studies,  utilizing  State  and  local  funds,  con- 
tributions by  citizens'  and  user  groups,  and 
Federal  funds.  The  Public  Roads  Adminis- 
tration has  given  full  endorsement  to  the 
purposes  of  these  surveys  and  has  expressed 


its  desire  to  render  all  possible  aid  in  their 
execution.  The  conditions  for  obtaining  Fed- 
eral funds  to  aid  in  paying  the  expenses  of 
studies  of  this  kind  are  set  forth  in  a  statement 
of  the  Public  Roads  Administration  dated 
September  24,  1947. 

The  fitting  together  of  the  complex  and 
voluminous  array  of  factual  information  into 
a  long-range  program  is  an  undertaking  of  con- 
siderable magnitude.  Intensive  effort  is  re- 
quired to  organize  a  study,  place  it  under 
way,  and  complete  it  within  a  reasonable 
period.  Among  the  most  valuable  functions 
performed  by  the  specialist,  hereafter  referred 
to  as  the  engineer-director,  is  the  step-by-step 
education  of  the  committee  membership. 
Committee  members  usually  do  not  have  an 
engineering  background;  but  by  holding  peri- 
odic meetings  at  which  the  engineer-director 
can  report  progress  and  discuss  the  signifi- 
cance and  interpretation  of  the  findings  which 
are  being  obtained,  immeasurably  beneficial 
results  are  realized.  The  county  representa- 
tives become  familiar  with  the  problems  in 
the  cities  and  on  the  main  highways,  the  cities 
acquire  a  greater  appreciation  of  the  rural 
road  problem,  and  various  special  interests 
have  the  opportunity  for  round-table  discus- 
sion of  their  own  and  each  other's  viewpoints. 
Broadening  of  outlook  and  a  greater  aware- 
ness and  appreciation  of  the  complex  problems 
involved  in  highway  administration,  planning, 
programming,  design,  construction,  and  main- 
tenance soon  become  evident.  Artificial  bar- 
riers are  broken  down  in  a  mutual  effort  to 
solve  highway  problems  equitably  and  in  the 
best  interests  of  all  concerned. 

PUBLIC   HEARINGS 

Public  hearings  conducted  by  the  legislative 
committee  are  a  customary  and  valuable  phase 
of  making  a  long-range  highway  study.  At 
such  hearings,  usually  held  at  a  number  of 
places  through  the  State,  the  public  has  the 
opportunity  to  become  informed  about  the 
study  and  to  offer  opinions  on  the  nature  of 
the  road  problems  in  their  area.  The  timing 
of  these  public  hearings  is  most  important. 
There  is  a  general  tendency  to  hold  such  hear- 
ings too  early,  prior  to  starting  the  field  work, 
when  there  is  little  in  the  nature  of  concrete 
proposals  or  procedures  that  can  be  presented 
to  the  public.  As  a  result,  public  enthusiasm 
will  gradually  recede  and  the  final  report  may 
come  as  an  anticlimax. 

On  the  other  hand,  public  hearings  can  be 
of  tremendous  value  in  stimulating  local  coop- 
eration when  they  are  held  at  the  time  the 
counties,  cities,  and  towns  are  contacted  with 
respect  to  making  an  engineering  appraisal  of 
their  own  particular  road  and  street  needs. 
Since  a  high  degree  of  public  interest  is  de- 
sirable at  the  time  of  issuance  of  the  report, 
public  hearings  are  also  of  value  when  held 
just  in  advance  of  the  date  of  issuance.  Pos- 
sibly the  best  arrangement  is  for  some  hearings 
to  be  held  at  both  times. 

The  time  schedule  for  undertaking  a  report 
should  include  allowances  of  about  3  months 
for  completion  of  the  preliminary  arrange- 
ments and  about  12  months  additional  for  the 
active  work  program.     If  the  study  is  sched- 


uled for  a  shorter  time,  the  work  load  is  likely 
to  become  too  heavy  and  certain  desirable 
features  may  be  sacrificed;  if  scheduled  over  a 
longer  period,  some  of  the  phases  become 
stale,  interest  in  the  work  subsides,  and  very 
little  practical  improvement  in  the  quality  of 
the  report  is  obtained.  It  is  recognized,  of 
course,  that  unusual  complexity  or  magnitude 
of  the  work  may  make  it  desirable  to  conduct, 
the  study  over  a  longer  period  in  a  particular 
State.  In  some  instances,  also,  personnel 
shortages  and  cost  considerations  may  be 
sufficient  reason  for  scheduling  the  study  over 
a  longer  period. 

PRELIMINARY  OPERATIONS 

Essential  preliminary  operations  in  under- 
taking a  highway  needs  study  are  the  prepara- 
tion of  a  report  outline  and  a  work  program 
schedule.  The  complete  report  outline  em- 
braces the  following: 

1.  Introduction. 

2.  History  of  highway  development  in 
the  State. 

3.  Characteristics  of  road  use. 

4.  Future  development  of  the  State  and 
its  subdivisions. 

5.  Classification  of  road  systems. 

6.  Standards  of  road  improvement. 

7.  Standards  of  road  operational  im- 
provement (traffic  control,  lighting,  park- 
ing, law  enforcement,  and  maintenance 
standards) . 

8.  Elements  of  road  cost. 

9.  Future  road  improvement  program. 

10.  Finance  and  taxation. 

11.  Highway  administration. 

12.  Highway  vehicle  and  traffic  regula- 
tion. 

13.  Conclusions. 

These  items  are  the  main  headings  included 
in  a  suggested  outline  set  forth  in  a  statement 
of  the  Public  Roads  Administration  dated 
September  24,  1947,  in  which  there  is  a  listing 
of  the  detailed  items  included  under  each 
major  heading.  A  similar  discussion  had 
been  prepared  for  the  highway  planning  sur- 
veys some  years  earlier.  The  main  elements 
of  the  outline  are  applicable  to  practically  all 
States.  The  emphasis  to  be  placed  upon 
various  segments,  however,  will  necessarily 
vary  from  State  to  State,  depending  upon  the 
nature  of  the  particular  highway  problems  in 
each  State. 

PLANNING  SURVEYS  PROVIDE  DATA 

The  major  source  of  information  will,  in 
practically  all  States,  be  the  State  highway  de- 
partment's highway  planning  survey.  Gen- 
erally there  is  a  wealth  of  information  relating 
to  the  State  highway  system  but  only  limited 
data  relating  to  roads  and  streets  beyond  the 
jurisdiction  of  the  State  highway  department. 
Actually,  it  had  been  anticipated  that  the 
planning  surveys  would  collect  data  on  all 
highways  but  many  States,  limited  in  their 
resources,  spent  their  principal  efforts  on  the 
State  highway  systems.  This  situation,  which 
is  quite  common,  requires  careful  planning  of 
the  techniques  and  procedures  to  be  em- 
ployed in  evaluating  the  highway  needs  for  all 
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jurisdictions     on     a     comparable,     straight- 
forward, and  easily  understandable  basis. 

Probably  the  greatest  single  problem  in  a 
study  of  highway  needs,  from  the  standpoint 
of  planning,  time,  effort,  and  coverage,  is  the 
work  that  must  be  done  by  the  various  juris- 
dictional units  in  connection  with  determining 
the  costs  of  their  respective  future  road  im- 
provement programs.  A  work  program  for 
this  phase  of  the  study  involves  the  following 
step-by-step  operations: 

1.  Field    classification    of    roads    and 
streets  into  logical  systems. 

2.  Field    appraisal    of    needs    for    im- 
provement. 

3.  Processing  and  analysis  of  collected 
data. 

MANUALS  OF  INSTRUCTION 

The  work  in  connection  with  the  first  two 
items  is  usually  conducted  in  conformity  with 
procedures  outlined  in  manuals  of  instruction 
prepared  by  the  staff  of  the  study  committee 
specifically  for  each  administrative  jurisdic- 
tion. Thus,  in  a  State  where  there  are  three 
jurisdictions  (State  highway  department, 
counties,  and  cities)  for  the  construction  and 
maintenance  of  highways,  there  would  be  three 
corresponding  series  of  manuals  of  instruction. 

The  principal  variations  in  these  manuals 
would  be  those  occasioned  by  the  differences 
in  the  character  of  the  road  systems  and  the 
differences  in  the  caliber  of  the  respective 
engineering  organizations  at  the  various 
governmental  levels.  For  example,  very 
rigid  criteria  can  be  applied  to  State  highway 
needs,  since  the  State  highway  departments 
have  the  background  of  experience  and  re- 
search as  well  as  the  engineering  talent  needed 
to  undertake  a  comprehensive  study.  Most 
counties  and  cities,  however,  are  not  corre- 
spondingly situated,  and  accordingly  the 
criteria  employed  must  be  on  a  broader  base 
to  enable  a  reasonably  defensible  appraisal  of 
needs  to  be  made  by  the  county  and  city 
personnel. 

PARTICIPATION  NEEDED 

The  success  in  gaining  acceptance  of  the 
final  results  of  a  long-range  engineering  study 
depends  in  large  measure  on  the  extent  to 
which  each  governmental  unit  having  any 
degree  of  responsibility  for  the  construction 
and  maintenance  of  roads  or  streets  partici- 
pates in  the  evaluation  of  the  needs  for  those 
roads  or  streets  under  its  jurisdiction.  Thus, 
in  those  cases  where  no  qualified  engineering 
personnel  are  available  at  the  county  or  city 
levels,  it  may  be  necessary  to  hire  private 
consultants  or  to  depend  upon  the  State  high- 
way department  personnel  to  do  the  work. 
In  general,  this  latter  procedure  should  be 
considered  only  when  the  counties  or  cities 
are  wholly  unable  to  do  the  work  themselves. 
Even  in  such  instances  every  effort  should  be 
made  to  have  a  local  representative  collaborate 
with  the  State  highway  department  personnel 
at  the  time  the  classification  and  estimates  of 
needs  for  a  particular  county  or  city  are  being 
appraised.  In  this  fashion,  each  county  and 
city  will,  to  the  maximum  extent  possible,  be 
an  active  participant  in  the  work. 


SYSTEM  CLASSIFICATION 

With  respect  to  the  work  program,  the  field 
classification  of  roads  and  streets  into  systems 
should  be  made  independently  and  in  advance 
of  the  field  appraisal  of  needs.  This  classifi- 
cation is  simply  the  sorting  of  existing  roads 
and  streets  into  groups  on  the  basis  of  function, 
taking  into  account  such  factors  as  integra- 
tion, predominant  purpose  of  use,  suitability 
from  the  standpoint  of  equitable  financing, 
and  adaptability  to  efficient  and  economical 
administration  by  various  levels  of  govern- 
ment. 

The  classification,  together  with  an  inven- 
tory of  existing  mileages  by  types,  is  prepared 
by  the  State  highway  department,  the  coun- 
ties, and  the  cities,  in  accordance  with  proce- 
dures prescribed  in  manuals  of  instruction, 
for  the  roads  and  streets  currently  under  their 
respective  jurisdictions,  and  is  submitted  to 
the  engineer-director  of  the  highway  study 
committee.  The  work  is  then  reviewed  by 
the  staff  of  the  engineer-director,  and  errors 
and  differences  in  interpretation  are  ironed 
out  in  each  individual  case. 

NEEDS   APPRAISAL 

As  this  work  nears  completion,  the  field 
appraisal  of  needs  can  be  undertaken.  This 
involves  determination  of  existing  deficiencies 
and  estimating  of  costs  of  needed  improve- 
ments for  every  mile  of  highway.  This  phase 
of  the  work  is  also  governed  largely  by 
manuals  of  instruction  prepared  for  the  pur- 
pose. In  these  manuals,  it  is  the  general 
practice  to  prescribe  two  sets  of  standards 
relating  to  widths,  surface  type,  alinement, 
grades,  etc.:  (1)  Tolerable  standards,  and 
(2)  construction  standards.  Tolerable  stand- 
ards are  those  which  are  considered  satis- 
factory or  tolerable  on  highways  now  in 
service.  Any  road  section  or  other  facility 
that  does  not  measure  up  to  the  tolerable 
standard  is  considered  eligible  for  improve- 
ment. In  some  cases  it  may  be  questionable 
whether  a  single  particular  deficiency  is  of 
sufficient  importance  to  warrant  an  improve- 
ment. In  other  cases  this  same  deficiency, 
in  combination  with  other  deficiencies,  would 
indicate  the  immediate  need  for  improvement. 
If  it  is  determined  that  an  improvement  is 
warranted,  as  measured  by  the  tolerable  stand- 
ards, the  improvement  to  be  planned  should 
be  in  accordance  with  the  construction 
standards,  and  the  costs  estimated  accordingly. 

In  a  given  situation  it  might  be  assumed,  for 
example,  that  for  surfaced  width  for  a  rural 
road  carrying  a  certain  traffic  volume  the 
tolerable  standard  is  18  feet  and  the  construc- 
tion standard  is  20  feet  (minimum)  to  24  feet 
(maximum). 

If  the  existing  road  in  question  has  a  sur- 
faced width  of  18  feet  or  more,  it  would  not  be 
considered  deficient  in  width.  If,  however, 
the  surface  is  only  16  feet  wide,  it  would  be 
considered  deficient  in  this  respect.  When 
the  manner  of  overcoming  this  particular 
deficiency  is  being  considered,  it  would  be 
necessary  to  take  into  account  all  service 
factors — terrain,  volume  and  character  of  traf- 
fic, etc. — in  order  to  determine  whether  the 


proposed  improvement  should  be  constructed 
to  20  feet  in  width,  24  feet  in  width,  or  some- 
where in-between.  Further,  all  deficiencies 
must  be  considered  in  total  for  any  given 
road  section  when  arriving  at  the  final  esti- 
mate of  cost  for  a  proposed  improvement. 
This  procedure  summarizes,  quite  briefly,  the 
method  by  which  selected  standards  are 
applied  to  existing  highways  to  determine  the 
extent  of  existing  deficiencies. 

As  the  reports  upon  existing  deficiencies  and 
estimates  of  cost  of  needed  improvements 
are  prepared  and  submitted  to  the  engineer- 
director  by  the  State  highway  department, 
the  counties,  and  the  cities,  they  are  reviewed 
for  consistency,  adherence  to  instructions, 
completeness,  and  accuracy.  This  is  generally 
termed  the  "screening"  process  and  is  one  of 
the  most  important  phases  of  the  entire  engi- 
neering study.  Most  counties  and  cities  can 
be  depended  upon  to  prepare  their  estimates 
in  accordance  with  the  instructions.  Invari- 
ably, however,  some  will  submit  estimates 
that  are  obviously  too  low,  too  high,  or 
incomplete.  Such  estimates  must  be  taken 
up  again  with  the  reporting  agency,  and  all 
errors,  omissions,  and  differences  in  inter- 
pretation ironed  out  in  each  case. 

Experience  indicates  that  from  6  to  8 
months  should  be  allowed  for  the  field  work  in 
connection  with  classification  and  appraisal 
of  needs.  The  time  required  depends  upon 
such  factors  as  the  number  of  governmental 
units  having  jurisdiction  over  highways;  the 
caliber  of  the  various  engineering  organiza- 
tions in  each  jurisdiction;  the  degree  of  cooper- 
ation generated  among  the  various  levels  of 
government;  and  the  number  and  caliber  of 
personnel  made  available  as  a  staff  to  the  engi- 
neer-director. 

PROCESSING  AND  ANALYSIS 

When  the  screening  of  the  field  reports  of 
deficiencies  and  costs  is  completed,  the  work  of 
processing  and  analyzing  the  reports  is  com- 
menced. This  phase  of  the  work  can  be 
relatively  simple  or  it  can  be  complicated  and 
confused,  depending  upon  the  amount  of 
advance  study  given  to  each  previous  opera- 
tion. 

For  example,  it  must  be  decided  at  the  very 
outset  of  the  engineering  study  whether  man- 
ual or  tabulating  machine  methods  are  to  be 
employed  in  the  final  processing.  On  the 
basis  of  experience  to  date  it  can  be  stated 
that,  almost  without  exception,  tabulating 
machine  methods  are  far  superior  to  manual 
methods  for  this  type  of  study.  Accordingly, 
the  following  discussion  relates  almost  entirely 
to  tabulating  machine  methods,  although  the 
same  principles  will,  of  course,  apply  to  manual 
methods. 

It  is  essential,  prior  to  starting  any  field 
work,  that  there  be  a  clear  understanding  of 
what  data  are  needed,  how  the  data  are  to  be 
obtained,  and  how  the  data  are  to  be  analyzed. 
This  requires  intensive  preliminary  study.  To 
aid  in  this  phase  of  the  work,  arrangements 
should  be  made  for  consultation  with  the  State 
highway  department  personnel,  county  and 
city  representatives,  Public  Roads  Adminis- 
tration technicians,  and  experts  in  other  public 
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or  private  organizations  having  prior  experi- 
ence or  outstanding  qualifications  in  studies 
of  this  type. 

One  major  objective  of  such  preliminary 
study  and  consultation  is  the  development  of  a 
master  control  sheet  showing  the  nature  and 
sequence  of  the  items  to  be  processed  in  the 
various  operations  leading  up  to  the  final 
tabulations  of  the  needs  data.  Figure  1 
shows  a  sample  lay-out  for  a  master  control 
sheet  to  which  are  geared  the  mechanics  of  the 
following  phases  of  the  engineering  study:  (1) 
Inventory  of  roads,  streets,  and  bridges;  (2) 
preparation  of  manuals  of  instruction  for  ap- 
praisal of  needs;  (3)  design  of  record  forms; 
(4)  preparation  of  coding  manual;  (5)  design 
of  code  sheets  and  tabulating  cards;  and  (6) 
lay-out  of  final  tabulations. 

Once  the  engineer-director  has  approved 
the  master  control  sheet,  there  should  be  no 
changes  except  with  his.  specific  approval. 
The  insertion  of  additional  data  or  a  rearrange- 
ment of  items  for  city  streets,  for  example, 
could  readily  complicate  the  coding  sequence 
and  even  require  special  attention  to  tabulat- 
ing machine  operations  to  an  extent  that 
would  nullify  the  advantages  inherent  in  the 
basic  coaster  control  sheet  set-up. 

Figure  2  shows  a  work  sheet  used  for  record- 
ing deficiencies  and  cost  of  needed  improve- 
ments for  county  roads.  It  will  be  noted 
that  the  sequence  and  arrangement  of  it  ens 
on  this  form  correspond  to  those  on  the  m?  ster 
control  sheet  (fig.  1).  Other  forms,  such  as 
those  for  State  highways  and  city  streets,  also 
correspond  to  the  master  control  sheet.  Fig- 
ure 3  represents  column  headings  for  a  series 
of  six  code  sheets  covering  roads  and  struc- 
tures on  city  streets,  county  roads,  and  State 
highways.  These  headings  likewise  follow  the 
arrangement  of  the  master  control  sheet. 

TABULATION  CONTROLS 

The  forms  illustrated  in  figures  1,  2,  and  3 
are  practically  identical  with  those  used  in  a 
State  that  has  recently  completed  an  engineer- 
ing study,  and  represent  a  pioneer  effort  in 
setting  up  fixed  controls  for  the  mechanics  of 
conducting  the  work.  Since  it  is  the  primary 
purpose  here  to  indicate  the  general  nature 
of  the  master  control  sheet,  there  is  no  discus- 
sion included  in  this  report  of  the  many  de- 
tails of  its  design.  Such  details  must  be 
worked  out  for  each  individual  State. 

At  every  step  of  the  processing  operations 
for  each  county  and  for  each  city,  care  must 
be  exercised  to  maintain  frequent  manual  con- 
trols, especially  for  mileages  and  costs.  Since 
there  is  such  a  mass  of  data  being  handled  in 
a  relatively  short  period  of  time,  usually  by 
inexperienced  help,  these  manual  controls  are 
necessary  in  order  that  any  missing  or  dupli- 
cated data  can  be  readily  spotted  at  any  stage 
of  the  operations.  These  controls  are  pre- 
pared for  the  "as  submitted"  programs  prior 
to  screening,  and  for  the  "'accepted"  programs 
after  completion  of  screening,  and  are  also  of 
tremendous  value  in  proving  the  final  tabulat- 
ing machine  listings. 

After  the  tabulating  cards  have  been  proved, 
the  final  summaries  of  deficiencies,  mileages, 
and  costs  in  the  needs  program  can  be  pre- 
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27     SURFACE  WIDTH 

?fi       ROADWAY   WIDTH 

29     maximum  fipinF  , 

30       MAXIMUM    rilRVATIIRF 

31      MOUNTA  1  NOUS  . .  LJ       ROLLING..LJ       LEVEL..  LD 

COSTS 

32 
33 

3" 

RIGHT-OF-WAY 

GRADE    AND   DRAIN 

SURFACING 

TOTAL 

..     t 

..     $ 

Inote:      include   prorated 
in  above   estimates. 

ENGINEERING    COSTS 
USE     19^8    PRICES. 

REMARKS 

(EXPLAIN     SPECIAL    CONDITIONS    SUCH    AS     TIME    OELAVS, 
ACCIOENT    HAZARDS,     OUST,     SNOW,     ICE,     ETC.) 


Figure  2. — Project  ivork  sheet  for  county  road  needs. 


pared.  There  is  no  particular  problem  in- 
volved in  making  the  necessary  tabulations, 
since  they  can  be  obtained  readily  from  the 
punch  cards.  There  are,  however,  certain 
tabulations  relating  to  mileages  and  costs  that 
are  essential  as  matter  of  continuous  reference 
and  permanent  record.  These  tabulations 
show  the  relationship  between  existing  surface 
types,  kind  of  work  recommended,  new  type 
i >f  -urface,  mileage,  and  costs.  A  typical  ar- 
rangement of  the  form  used  for  summarizing 
these  data  for  rural  roads  is  shown  in  figure  4. 
Similar  tables  should  be  prepared  for  struc- 
tures and  for  city  streets. 

SCHEDULING  PROGRAMS 

With  the  data  at  hand  relating  to  the  exist- 
ing deficiencies  and  costs  of  needed  improve- 


ments, the  next  step  is  the  scheduling  of  the 
program.  It  cannot,  within  reason,  lie  expected 
that  existing  deficiencies  can  be  overcome  in  1 
or  2  years.  Within  the  limits  of  foreseeable 
revenues,  any  period  up  to  as  much  as  20  years 
may  be  required  for  bringing  the  highway 
systems  up  to  a  satisfactory  standard  of  im- 
provement. It  has  been  the  usual  practice  in 
earlier  studies  of  this  nature  to  present  the 
total  costs  of  the  program  for  a  given  period  of 
years,  say  for  a  5-  or  a  10-year  period. 

Thus,  the  entire  analysis  and  presentation 
of  result  s  are  related  to  a  preselected  fixed  span 
of  years.  There  are  serious  disadvantages  to 
this  advance  selection  of  the  program  period, 
the  principal  one  being  its  inflexibility.  After 
the  report  is  completed,  the  legislature,  for 
example,  may  desire  to  consider  a  shorter  or  a 
longer  period,  with  the  result  that  numerous 
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December  1948  •  PUBLIC  ROADS 


SERIES 
SYSTEM 


TYPE 

OF 

WORK 

EXISTING 
TYPE    IN 
SERVICE 

WHICH 

REQUIRES 

IMPROVEMENT 

PROPOSED     NEW    CONSTRUCTION 

GRAVEL 

LOW 

HICH    (EXCLUDING          \ 

lon  Vexpressways; 

EXPRESSWAY 

TOTAL 

MILES 

COST 

MILES 

COST 

MILES 

COST 

MILES 

COST 

MILES 

COST 

ROW 

GRADING 

SURFACE 

TOTAL 

ROW 

GRADING 

SURFACEl TOTAL 

ROW 

GRADING 

SURFACE 

TOTAL 

ROW 

GRADING 

SURFACE 

TOTAL 

ROW 

GRADING 

SURFACE 

TOTAL 

RESURFACING 

UNSURFACED 

GRAVEL 

LOW 

HIGH 

TOTAL 

RESURFACING 
AND  WIDENING 

UNSURFACED 

GRAVEL 

LOW 

HIGH 

TOTAL 

RECONSTRUCTION 

ON    EXISTING 

LOCATION 

UNSURFACED 

GRAVEL 

LOW 

HIGH 

TOTAL 

CONSTRUCTION 
ON    NEW 
LOCATION 

NONE 

UNSURFACED 

GRAVEL 

LOW 

HIGH 

TOTAL 

TOTAL 
EXCLUDING 

WIDENING 

NONE 

UNSURFACED 

GRAVEL 

LOW 

HIGH 

TOTAL 

WIDENING 

GRAVEL 

LOW 

HIGH 

TOTAL 

GRAND   TOTAL 

Figure  4. — Rural  road  replacements  and  costs  summary  sheet. 


adjustments  are  made  to  the  findings  as  pre- 
sented in  the  report.  Such  adjustments  are 
frequently  arbitrary  and  sometimes  involve 
serious  errors  when  made  by  individuals  not 
familiar  with  the  nature  or  significance  of  the 
various  elements  of  cost  involved  in  an  im- 
provement program. 

To  overcome  this  situation,  it  has  been  the 
practice  recently  in  engineering  reports  to 
present  costs  in  a  series  of  periods  ranging 
from  a  1-year  program  up  to  a  20-year  or  even 
a  25-year  program.  The  very  short  periods  and 
the  very  long  periods  have  little  significance 
other  than  to  provide  proper  orientation  and 
to  answer  certain  questions  which  are  logically 
raised  when  legislative  consideration  is  being 
given  to  the  period  of  years  over  which  the 
highway  systems  should  be  brought  up  to 
standard. 

OTHER  COST  ELEMENTS 

In  addition  to  the  existing  needs,  as  deter- 
mined in  accordance  with  the  procedure 
which  has  been  discussed,  there  are  other  cost 
elements  involved  in  a  long-range  program 
that  require  careful  analysis.  These  are  the 
maintenance  requirements  and  the  additional 
needs  accruing  during  the  program  period. 

In  estimating  maintenance  requirements, 
consideration  is  given  to  changes  in  the  devel- 
opment of  the  road  systems  and  to  required 
improvements  in  standards  of  maintenance. 
Studies  are  made  of  the  costs  per  mile  or  per 
square  yard  for  maintaining  various  types  of 
roads  and  streets  at  the  stages  of  development 
which  exist  at  the  present  time  and  which  it  is 
estimated  will  exist  at  the  end  of  the  program 
period.    Such  an  analysis  requires  that  a  care- 
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ful  record  be  made  of  the  probable  mileages, 
by  types  and  standard  of  construction,  that 
will  be  constructed  and  retired  during  the 
period  (see  fig.  4).  By  such  means,  it  is  pos- 
sible to  arrive  at  reasonably  reliable  estimates 
of  present  and  future  maintenance  require- 
ments. 

Certain  additional  costs,  which  may  amount 
to  as  much  as  20  percent  of  the  total  program, 
must  be  taken  into  account  when  the  existing 
needs  are  spread  out  over  any  given  program 
period  in  the  future.  For  those  needs  that 
now  exist  but  will  come  up  for  improvement 
in  the  later  years  of  the  program  period,  some 
kind  of  earlier  stopgap  improvement  will  be 
necessary  to  keep  the  affected  roads  in  opera- 
tion until  the  standard  improvement  can  be 
made.  Further,  an  existing  road  may  cur- 
rently be  deficient  only  witli  respect  to  width, 
but  by  the  time  it  comes  up  for  improvement 
it  may  be  deficient  in  several  other  respects  and 
require  complete  reconstruction  instead  of 
widening  alone. 

It  is  also  necessary  to  provide  for  the  re- 
placement, throughout  the  program  period,  of 
roads  which  are  not  in  current  need  of  improve- 
ment. In  other  words,  it  is  possible  that  many 
of  the  existing  roads  are  in  tolerable  con- 
dition as  far  as  present-day  traffic  is  concerned, 
•in  accordingly  are  not  included  in  the  pro- 
gram of  existing  needs.  They  will,  neverthe- 
less, deteriorate  and  become  obsolete  and 
require  rebuilding  in  order  to  keep  them  up  to 
satisfactory  standards  of  service. 

Some  of  the  new  construction  built  during 
the  early  years  of  the  program  period  will  also 
wear  out  and  require  rebuilding  before  the  end 
of  the  period.  The  amount  may  be  small  but 
it  must  be  taken  into  account  in  order  that  the 


full  magnitude  of  the  highway  needs  can  be 
clearly  and  fully  portrayed. 

There  is  no  list  of  factors  that  can  be  em- 
ployed to  evaluate  these  additional  needs 
accruing  during  the  program  period.  A  pro- 
cedure for  making  these  estimates  must  be 
developed  in  each  instance.  Knowledge  of 
construction  practices  and  past  experience 
with  respect  to  the  service  life  characteristics 
of  various  types  of  construction  provides 
necessary  background. 

In  addition  to  the  needs  which  have  already 
been  discussed,  there  will  be  requirements  for 
new  roads,  streets,  and  structures  throughout 
the  program  period.  Urban  growth  and  re- 
development, industrial  expansion,  and  other 
changes  will  generate  new  needs  in  the  future 
years.  Not  all  of  these  can,  of  course,  be 
estimated  with  certainty. 

ADJUSTMENT  FOR  PRICE  LEVEL 

A  program  of  needs  developed  in  accordance 
with  the  foregoing  procedures  will  afford  a 
positive  index  of  the  extent  of  the  road  and 
street  requirements  for  varying  program  peri- 
ods. At  this  stage  of  the  analysis,  however, 
the  costs  involved  are  at  a  price  level  existing 
at  the  time  the  estimates  were  made.  If  it  is 
assumed,  for  example,  that  the  co*ts  of  needed 
improvements  were  made  at  a  1948  price  level, 
then  there  is  the  problem  of  adjusting  the  costs 
to  the  future  price  level  that  it  is  estimated 
will  prevail  throughout  the  various  program 
periods. 

It  is  not  the  purpose  here  to  discuss  or 
evaluate  the  various  factors  which  are  likely 
ti)  influence  the  future  trend  of  construction 
prices.  However,  a  few  comments  concerning 
the  nature  of  the  problem  can  be  made,    Ba  ed 
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upon  a  prewar  index  of  100  percenl   f>  r  the 
1937  41  period,  the  presenl  1948  highway  con- 
uction  price  level  is  in  the  neighborhood  of 
200  percent.  assumed,  for  example, 

that  the  index  will  gradually  rec<  level 

off  by  the  mid  1950  rtain  value.    From 

d  thus  obtained,  the  index  for  each 
future  year  can  be  applied  to  the  dollar  volume 
of  work  which  it,  i>  expected  will  be  accom- 
plished during  that  year.  This  adjustment  is 
essary  to  lake  into  account  the  fact  that 
me  available  for  expenditure  can  normally 
he  expected  to  increase  gradually  throughout 
the  program  period  because  of  increases  in 
gasoline  consumption,  etc. 

SINGLE  INDEX  USED 

From  a  weighted  price  index  thus  obtained 
for  each  program  period,  the  program  of  needs 
a i  the  1948  or  any  oilier  given  price  level  can 
be  readily  adjusted  for  conditions  which  are 
expected  to  prevail  in  the  future.  Ordinarily 
an  index  based  upon  the  projected  trend  of 
construction  prices  on  State  highway  work  is 
considered  acceptable  for  the  purpose  of 
adjusting  maintenance  costs  and  the  programs 
for  counties  and  cities.  Any  refinements  by 
virtue  of  computing  special  indexes  for  these 
latter  elements  are  difficult  to  justify  in  view 
of  the  lack  of  data  upon  which  to  make  indi- 
vidual projections.  Further,  the  small  degree 
of  apparently  additional  accuracy  which  may 
be  involved  is  of  dubious  value  in  view  of  the 
lack  of  exactness  in  projecting  the  future  price 
trend  in  the  first  instance. 


PRIORITIES  OF  IMPROVEMENT 

Before  closing,  it  might  be  well  to  comment 
upon  priorities  of  improvement  in  relation  to 
long-range  program.  Priority  listings  are 
useful  in  making  it  possible  to  check  readily 
upon  each  highway  agency  with  respect  to 
progress  and  adherence  to  a  predetermined 
program.  To  a  considerable  extent  these  list- 
ings are  likewise  useful  to  the  various  highway 
agencies  in  dealing  with  pressure  groups.  With 
each  passing  year,  however,  increased  knowl- 
edge and  experience  will  inevitably  dictate 
changes  and  adjustments  to  the  priority  list- 
ings that,  will  defeat  the  purpose  for  which 
they  were  originally  established. 

Further,  the  reporting  forms  and  estimat- 
ing procedures  which  have  been  discussed  in 
connection  with  the  engineering  study  are 
not  designed  for  use  in  setting  up  listings  of 
improvements  in  order  of  priority.  To 
accomplish  this  latter  objective  would  require 
detailed  study  of  each  proposed  improvement, 
both  individually  and  in  relation  to  other 
improvements,  to  such  an  extent  that  other 
important  phases  of  the  long-range  study 
would  be  completely  overshadowed. 

There  is,  of  course,  a  definite  place  for 
priorities  in  a  current  2-  to  5-year  program 
in  which  strict  adherence  to  a  specific  sched- 
ule of  improvements  can  be  justified  on  the 
basis  of  comprehensive  detailed  analyses  of 
all  the  facts  available  at  the  time  the  program 
i.>  set  up.  Such  a  fixed  and  definite  but  rela- 
tively   short-term    program    covering   certain 


designated  improvements  should  be  kept 
continuously  at  hand  by  each  highway 
agency.  Whether  a  particular  highway  agen- 
cy is  in  a  position  to  actually  do  this  depends 
upon  the  status  of  its  planning  activities  and 
the  caliber  of  the  analyses  which  are  brought 
to  bear  upon  the  problems  involved. 

In  addition,  the  short-term  program  should 
be  consistent  with  the  over-all  long-range 
highway  program,  which  in  turn  must  be 
periodically  reappraised  and  kept  up  to  date. 
This  reappraisal  of  the  long-range  program 
should  be  made  at  least  once  every  10  years. 

REPORT  IS  A  BEGINNING 

The  completion  of  the  long-range  report 
must  also  be  viewed  as  the  real  beginning, 
rather  than  the  end,  of  the  period  of  useful- 
ness of  the  various  committees  which  have 
participated  in  the  studies.  The  value 
received  by  continuing  the  life  of  these  or  simi- 
lar committees  is  tremendous.  Being  com- 
posed of  informed  representative  citizens, 
they  are  indispensible  as  deliberative  bodies 
in  the  field  of  broad  administrative  and  finan- 
cial policy  relating  to  highwa}'  matters. 

By  means  of  these  long-range  highway 
programs,  great  strides  are  being  made  in 
the  orderly  development  of  the  vast  mileage 
of  highways,  roads,  and  streets  at  a  rate  con- 
sistent with  the  increasing  demands  of  motor- 
vehicle  traffic,  and  at  such  locations  and  to 
such  standards  as  will  result  in  the  most, 
economical  and  efficient  expenditure  of  funds. 


Manual  on  Uniform  Traffic  Control  Devices  for  Streets  and  Highways 


A  completely  new  edit  ion  of  the  Manual  on 
Uniform  Traffic  Control  Devices  for 
Streets  and  Highways,  prepared  by  the 
Joint  Committee  on  Uniform  Traffic  Control 
Devices,  has  been  published  by  the  Public- 
Roads  Administration.  The  Manual  is  the 
generally  recognized  official  national  standard 
covering  highway  signs,  pavement  markings, 
traffic  signals,  islands,  and  similar  devices  used 
in  the  guidance,  warning,  and  regulation  of 
traffic.  The  importance  of  this  work,  and  the 
need  for  its  general  adoption,  will  be  obvious 
to  any  driver  who  has  observed  the  lack  of 
uniformity  and  the  inadequacy  of  traffic  con- 
trol devices  now  used  in  many  of  our  States 
and  cities. 

The  Joint  Committee  includes  representa- 
tives of  the  American  Association  of  State 
Highway  Officials,  the  Institute  of  Traffic 
Engineers,  and  the  National  Conference  on 
Street  and  Highway  Safety  (now  the  National 

Comn ie    on    Uniform    Traffic    Laws    and 

Ordinances).  Its  members  are  outstanding 
traffic  engineers  of  Stale  and  city  highway 
departments,  the  Public  Roads  Administra- 
tion, and  numerous  national  organizations 
concerned  with  highway  use  and  safety.  The 
nual  bears  official  approval  of  the  three 
member  organizations  of  the  Joint  Committee 
and  of  the  American    Standards    Association. 
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Thomas  II.  MacDonald,  Commissioner  of 
Public  Roads,  has  approved  the  Manual  as 
implementation  of  section  12  of  the  Federal- 
aid  Highway  Act  of  1944,  which  provides  that 
signs,  signals,  and  markings  on  roads  and 
streets  constructed  with  Federal  aid.  shall  be 
subject  to  approval  of  the  State  highway 
departments  with  concurrence  of  the  Public 
Roads  Administration.  The  law  specifically 
directs  the  Commissioner  of  Public  Roads  to 
concur  only  in  those  installations  that  will 
promote  the  safe  and  efficient  utilization  of 
the  highways. 

Superseding  editions  of  1935  and  13-42,  the 
new  Manual  represents  a  4-year  effort  of  the 
Joint  Committee  and  its  staff.  While  basic 
standards  generally  remain  unchanged,  many 
refinements  and  some  significant  revisions 
have  been  made.  The  text  has  been  entirely 
rewritten  and  expanded  to  provide  a  clearer, 
more  complete  exposition  of  each  subject. 
Proper  usage  of  traffic  control  devices  is 
illustrated  by  57  drawings  and  photographs. 
In  addition,  85  signs  are  portrayed,  in  the 
margins  alongside  the  appropriate  text. 
Many  of  the  drawings  are  in  color. 

National  standards  for  traffic  control  de- 
vices go  back  to  1925,  when  the  American 
Association  of  State  Highway  Officials  began 
to    lay   out   a    uniformly    marked   system   of 


interstate  highways.  From  this  work  grew 
the  familiar  U  S  numbered  highway  system 
and  its  well-known  shield  marker.  In  1930 
the  National  Conference  on  Street  and  High- 
way Safety  adopted  specifications  for  use  of 
traffic  control  devices  in  cities.  The  two 
organizations  created  in  1931  the  Joint  Com- 
mittee on  Uniform  Traffic  Control  Devices 
which  produced,  in  1935,  the  first  Manual  on 
Uniform  Traffic  Control  Devices  for  Streets 
and  Highways.  The  Joint  Committee  pub- 
lished a  set  of  amendments  in  1938;  and  in 
1942  issued  the  War  Emergency  Edition, 
basically  a  condensed  version  of  the  original 
manual  and  its  amendments  with  adapta- 
tions to  wartime  blackout  conditions.  Woj'k 
on  the  new  edition  was  begun  in  1944  by  the 
Joint  Committee,  enlarged  to  include  the 
Institute  of  Traffic  Engineers  as  well  as  the 
two  founding  organizations. 

The  Manual  on  Uniform  Traffic  Con- 
trol Devices  for  Streets  and  Highways 
can  be  purchased  from  the  Superintendent  of 
Documents,  U.  S.  Government  Printing 
Office,  Washington  25,  D.  C,  at  50  cents  per 
copy  (a  discount  of  25  percent  is  allowed  on 
orders  of  100  copies  or  more).  Payment  must 
accompany  orders.  Orders  should  not  be 
sent  to  the  Public  Roads  Administration.  No 
free  distribution  will  be  made. 
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The  Pentagon  system,  with  67  million  vehicle-miles  of  travel  a  year,  has  an  almost  perfect  safety  record. 


HIGHWAY  SAFETY 


By  THOS.   H.   MacDONALD, 
Commissioner  of  Public  Roads 


Driver  Behavior— Key  to  Safe  Highway  Design 

The  Society  of  Automotive  Engineers'  Second  David  Beecrojt  Memorial  Lecture 


In  out  knowledge  of  the  manner  in  which 
highways  are  useel  by  the  mass  of  traffic, 
we  have  reached  the  point  at  ivhich  we  can 
coordinate  driver  behavior  under  prevailing 
traffic  conditions  with  the  geometric  details 
of  h igh  way  design .  The  degree  to  wh ich  the 
criteria  so  determined  are  accepted  and  in- 
telligently applied  in  practice  will  determine 
the  degree  of  safe  efficiency  of  our  future 
highways. 

Our  principally  used  street  and  highway 
systems  are  largely  the  product  of  the  past 
third  of  a  century.  Most  of  the  improved 
mileage  has  been  built  under  public  pres- 
sures, and  also  by  legislative  edict,  to  stretch 
the  dollars  over  maximum  lengths.  In 
general,  the  design  tolerances  have  been 
too  meagei  for  today's  quantity  and  char- 
acteristics of  traffic.  Traffic -overloaded 
highways  are  one  of  the  chief  underlying 
causes  of  highway  accidents. 

Geometric  highway  design  to  induce 
proper  driver  behavior  in  traffic  streams 
will  require  rebuilding  or  rehabilitation  of 
the  major  mileage  of  both  the  primary  and 
principal  secondary  routes  to  more  liberal 


standards.  The  cost  will  exceed  annual 
expenditures  heretofore  reached,  and  will 
require  a  long  period — a  minimum  of  15 
years     and     probably     longer.  Carefully 

planned  annual  programs  of  rehabilitation 
are  an  emergency  need. 

The  appealing  angle  of  highways  de- 
signed for  safe  operation  is  that  safe  designs 
cost  no  more  than  unsafe  designs,  if  total 
costs  are  considered.  The  initial  cost  of 
constructing  a  highway  is  only  one  element, 
and  far  less  costly  than  other  elements,  of 
the  total,  annual  cost  of  highway  transport. 
The  costs  of  owning,  maintaining,  and  op- 
erating more  than  40  million  motor  vehicles 
are  many  times  the  expenditure  for  high- 
way construction  and  maintenance .  When 
these  toted  costs  to  road  users  are  considered, 
plus  the  value  of  lost  time  for  the  millions 
of  passenger  cars  used  for  business  and  for 
all  vehicles  operated  by  paiel  drivers,  and 
the  value  of  saving  in  time  on  the  invest- 
ment of  farmers,  merchants,  anel  indus- 
trialists in  their  vehicles  anel  in  the  mer- 
chandise  carried,    there   are  few   highways 


indeed  foi  which  the  small  aelelitional  in- 
vestment to  design  for  safer  operation  cein- 
nol  be  justified  on  the  economic  betsis  of 
re'turns  to  road  users.  When  there  are 
adeled  to  these  costs  the  cost  of  highway 
eiccidents  that  can  be  prevented  by  high- 
ways elesiimed  for  seifely,  the  economy  of 
such  higlavays  is  unassailable.  Incident- 
ally, highway  engineers  have  too  long 
ivrecked  professional  conviction  against 
the  stone  wall  of  compareitive  "'per  mile'" 
costs.  We  need  ei  new  concept  that  recog- 
nizes the  actual  passensie'r-mile  and  ton- 
mile  services  returned  as  the  realistic 
measure   of  highway  construction   costs. 

Highways  elesigned  for  seifety  on  the 
national  scale  will  be  realized  all  loo  slowly. 
There  are  many  eiccielents  ivhich  highivays 
•  It  signed  within  cost  possibilities  cannot 
prevent.  The  only  hope  of  maintaining  the 
downward  trend  of  accidents,  particularly 
fatal  accidents,  is  the  vigorous  eipplication, 
enforcement,  and  populeir  support  of  the 
Action  Program  of  the  President's  High- 
way Safely  Conference. 
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This  well-planned  highway  easily  and  safely  carries  10,000  vehicles  a  day 
at  reasonable  speeds. 


THROUGH  the  many  years  of  his  activities 
in  the  rapidly  expanding  fields  of  automo- 
tive engineering  and  motor  vehicle  utilization, 
David  Beecroft  was  a  positive  force  for  tech- 
nical progress.  He  constantly  brought  to  his 
associates  the  impression  of  a  restless  inner 
drive  to  secure  action,  and  an  eagerness, 
merging  into  impatience,  to  defeat  delays  in 
moving  toward  higher  standards  of  excellence 
for  the  many  diverse  components  that  must  be 
integrated  and  perfected  to  provide  the  desired 
end  product — efficient  highway  transport. 
He  insisted  that  the  attack  on  each  problem 
accord  with  sound  techniques,  and  believed 
that  advance  comes  through  research.  In 
1921,  when  president  of  the  Society  of  Auto- 
motive Engineers,  he  said:  "The  roots  of  the 
present  are  always  found  in  the  past,  and  we 
must  study  the  past  if  we  are  to  proceed  cor- 
rectly in  interpreting  sanely  the  days  that  are 
to  come." 

We  might,  perhaps,  modestly  record  the 
progress  that  has  been  made  in  highway  trans- 
port development  since  Mr.  Beecroft  gave 
expression  to  this  principle.  After  four  dec- 
ades of  accelerated  growth  in  the  extent  and 
varieties  of  services  provided  by  the  motor 
vehicle,  it  is  self-evident  that  in  this  period  no 
other  single  factor  has  so  profoundly  affected 
the  pattern  of  social  and  economic  life  in  these 
United  States.  A  particularly  impressive 
chapter  of  the  record  would  disclose  the  realized 
strength  that  highway  transport  provided  the 
United  States  for  both  defense  and  offense 
during  World  War  II. 

It  is  more  consistent  with  Mr.  Beecroft's 
philosophy,  however,  to  use  the  experience  of 
the  past  to  insure  the  complete  rejection  of 
the  fatalistic  suspicion  that  the  current  in- 
efficiencies and  hazards  of  highway  transport 
are  necessarily  inherent. 

If  we  are  to  gain  mastery  over  highway 
transport  as  an  efficient  tool  for  national 
progress,  and  stop  the  toll  that  we  are  paying 
for  its  use  in  the  tragic  loss  of  life,  the  per- 
manent injuries,  and  the  financial  costs  of 
accidents  I  hat  no  nation,  however  wealthy, 
can  afford,  we  must  critically  re-examine  our 
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policies  and  practices,  particularly  the  think- 
ing back  of  these,  to  find  the  causes  that  are 
responsible  for  our  failures.  We  know  we 
have  taken  many  wrong  turnings.  Changing 
conditions  require  new  horizons  in  our  applied 
techniques  as  knowledge  is  unfolded  and  ex- 
perience is  more  precisely  interpreted.  It  is 
profitless  to  speculate  upon  what  we  might 
have  done  had  we  foreseen,  in  the  early  years, 
a  reasonable  fraction  of  the  dimensions  to 
which  highway  transport  was  so  rapidly  to 
grow,  or  had  we  anticipated  more  realistically 
its  characteristics  in  actual  operation. 

It  is  a  high  honor  to  follow,  in  this  series  of 
papers,1  Mr.  Paul  G.  Hoffman,  who  in  1947 
presented  the  first  David  Beecroft  memorial 
lecture.  There  is,  in  the  general  confidence 
of  his  fitness  to  carry  the  world-wide  respon- 
sibility as  head  of  the  Economic  Cooperation 
Administration,  a  recognition  of  his  major 
contribution  and  efforts  to  bring  highway 
safety  into  effective  unity  with  our  everyday 
living. 

In  the  EGA  program  the  United  States  has 
accepted  high  international  responsibility  in 
the  struggle  to  achieve  democracy,  which  es- 
sentially means  cooperation  and  coordination. 
The  principle  must  be  accepted  and  applied  to 
every  major  feature  of  our  national  life  if  we 
are  to  be  an  example  of  our  ideology  worthy 
of  the  emulation  of  other  nations.  Highway 
transport  consists  of  so  many  elements  that 
we  can  only  secure  an  excellent  standard  of 
service  as  we  approach  complete  cooperation 
and  coordination.  On  this  premise,  it  ap- 
pears to  be  responsive  to  the  purpose  behind 
the  series  of  papers  set  in  motion  by  Mr. 
Beecroft,  to  explore  the  present  state  of  the 
art  in  the  single  field  of  highway  design  in 
relation  to  highway  safety. 

In  this  particular  and  limited  field  there  is 
urgent  need  for  a  major  shift  in  the  approach 
to  the  determination  of  the  geometric  design. 
Since  major  changes  in  our  thinking  and  in 
our  policies  applied  in  this  field  are  indicated 

1  This  paper  was  presented  as  the  second  David  Beecroft 
memorial  lecture  at  a  meeting  of  the  Society  of  Automotive 
Engineers  in  Washington,  D.  C,  November  16,  1948 


by  the  findings  of  intensive  research  now 
available,  it  may,  by  inference,  be  expected 
that  need  for  major  changes  exists  in  other 
elements  of  highway  transport.  It  is  hoped 
that  future  papers  in  this  series  may  present 
the  record  of  the  present,  and  also  new  con- 
cepts in  the  allied  fields  of  motor-vehicle 
design,  motor-vehicle  administration,  par- 
ticularly driver  licensing  and  driver  training, 
traffic  laws,  enforcement,  and  safety  education 
designed  to  fortify  driver  behavior  with  dis- 
ciplined attitudes  of  mind.  These  are  all 
interrelated  and  interdependent,  and  our 
mastery  of  the  whole  problem  of  street  and 
highway  transport  with  safety  depends  upon 
mastery  in  each  of  these  fields. 

This  paper  purports  only  to  record  the 
devoted  work  of  many  individuals  and  many 
organizations  to  advance  the  cause  of  high- 
way safety.  The  Action  Program  of  the 
President's  Highway  Safety  Conference,  the 
extensive  work  of  the  Automotive  Safety 
Foundation,  that  of  the  National  Safety 
Council,  and  of  many  others,  are  reflected  in 
the  conclusions  reached.  The  factual  data 
are  the  product  of  the  Department  of  Research 
of  the  Public  Roads  Administration  under 
Deputy  Commissioner  H.  S.  Fairbank,  and 
in  particular  result  from  detailed  research  of 
O.  K.  Normann,  Carl  Saal,  C.  W.  Prisk, 
W.  P.  Walker,  A.  Taragin,  and  others  who 
have  engaged  in  the  field  of  traffic  research 
intensively  and  devotedly  over  many  years. 

The  application  of  such  data  to  design 
practices  of  Public  Roads  is  the  product  of 
the  Department  of  Design  under  Deputy 
Commissioner  H.  E.  Hilts  and  his  associates. 
There  is  particular  response  to  the  advance  in 
design  requirements  by  the  Urban  Division 
under  Joseph  Barnett. 

The  effort  has  been  made  to  eliminate  per- 
sonal opinion,  and  to  substitute  conclusions 
supported  by  detailed  observations  of  con- 
trolled research  carried  on  over  a  sufficient 
period  and  with  adequate  repetition  to  justify 
confidence  in  the  results.  It  is,  however,  not 
the  intention  to  reflect  an  implication  of 
finality.  Continuing  research  will  refine  and 
illumine  problems  which  are  as  yet  obscure, 
but  it  is  certain  that  driver  behavior  en  masse 
is  the  key  to  safe  highway  design. 

THE    BACKGROUND    OF    HIGHWAY 
DESIGN 

For  too  long,  and  in  too  great  degree,  high- 
way design  has  been  distorted  by  the  tyranny 
of  wrong  concepts.  Most  important  of  these 
in  its  adverse  impacts  is  the  error  of  thinking 
of  the  motor  vehicle  as  static  in  relation  to  the 
highway.  In  use,  the  vehicle  is  dynamic  and 
takes  on  very  different  qualities. 

When  the  motor  vehicle  first  appeared,  it 
was  held  to  be  a  legal  interloper  on  highways 
whose  function  was  to  serve  horse-drawn 
traffic.  As  the  number  increased,  only  minor 
concessions  were  made  to  its  higher  speed,  in 
the  way  of  superelevated  curves — probably 
borrowed  from  prior  railroad  practice.  The 
effects  of  railway  engineering  tenets  upon  high- 
way design  are  evidenced  by  the  meager 
tolerances   which   have   been   built   into   our 

March  1949  •  PUBLIC  ROADS 


roads,  reflecting  operations  on  fixed  tracks 
not  subject  to  deviation  from  course.  The 
motor  vehicle  in  motion  is  highly  flexible;  but 
at  relatively  low  densities  of  traffic  the  opera- 
tion begins  to  take  on  the  character  of  stream 
flow,  and  the  individual  vehicle  loses  its 
identity  and  its  freedom.  As  an  integral 
part  of  a  traffic  stream,  each  vehicle  affects, 
and  is  affected  by,  all  of  the  other  vehicles  in 
its  own  flow  line  and  in  contiguous  streams. 

The  old  adage — the  proper  study  of  man- 
kind is  man — is  not  only  scientifically  correct, 
but  is  the  only  approach  to  the  problem  of 
highway  design  with  maximum  safety.  Hu- 
man behavior  at  the  wheel,  with  foot  on  the 
accelerator  rather  than  the  brake,  is  the  all- 
important  criterion  for  highway  design.  The 
implication  here  is  not  an  invitation  to  speed, 
or  to  design  with  the  objective  of  high  speeds. 
Driver  behavior  en  masse  reflects  normally 
average  rural  speeds  of  42  to  48  miles  per 
hour  when  reasonable  freedom  is  permitted. 
As  cars  are  designed,  the  foot  on  the  accelerator 
is  the  normal  driving  position,  and  through 
the  accelerator  the  driver  expresses  not  only 
his  desire  to  reach  an  objective,  but  in  addition 
a  wide  range  of  reactions  that  may  be  con- 
scious emotions  or  unconscious  reflexes.  The 
driver  en  masse  is  not  designed  for  high  speeds 
with  safety.  Once  the  mean  and  range  of 
human  behavior  are  determined  by  precise 
measurements  extended  to  thousands  of 
observations  until  the  general  pattern  emerges, 
the  design  limits  thus  fixed  will  have  sufficient 
tolerance  to  provide  for  the  usual  departures 
from  the  norm.  Highway  capacity  adjusted 
to  traffic  volume  is  a  major  factor  in  safe 
highway  design.  True  economy  is  served 
only  if  this  test  is  met,  and  thus  safety 
becomes  directly  a  measure  of  efficient  as 
well  as  economical  design. 

The  ratio  of  commercial  vehicles  to  pas- 
senger cars  has  important  effects  upon  the 
road  capacity  to  carry  traffic.  In  1904  the 
ratio  of  trucks  and  busses  to  passenger  cars 
was  1  to  78;  by  1910  this  ratio  had  become  1 
to  45;  in  1920,  1  to  7.3;  in  1930,  1  to  6.5; 
in  1940,  1  to  5.9;  and  it  is  expected  that  for 
1948  the  ratio  will  be  about  1  to  4.5  (see 
table  1).  The  percentage  of  commercial 
vehicles  in  the  total  daily  traffic  flow  is  con- 
tinuing to  increase,  and  for  this  reason  more 
adequate  recognition  of  the  requirements  of 
such  traffic  must  be  incorporated  in  the 
design  to  insure  safe,  efficient  operation  of 
all  traffic. 

The  influence  of  increasing  the  percentage 
of  commercial  vehicles  upon  the  total  capac- 

Table  1. — Registrations  of  automobiles  and 
of  trucks  and  busses 


Registrations 

Ratio  of 

trucks 
and 

Year 

Trucks 

busses  to 

Automo- 
biles 

and 

Total 

automo- 

busses 

biles 

1904 

54.  590 

700 

55, 290 

1  to  78. 0 

1910 

458, 377 

10, 123 

468, 500 

1  to  45.  3 

1920 

8, 131,  522 

1,107,639 

9, 239, 161 

1  to     7.3 

1930 

22,  972,  745 

3,  559,  254 

26,531,999 

1  to    6.  5 

1940 

27,  372,  397 

4,  663,  027 

32,  035,  424 

1  to    5.9 

1947 

30.  718,  852 

6,641,611 

37,  360,  463 

1  to    4.6 

1948 ' 

33,  225,  000 

7,  332,  000 

40,  557,  000 

1  to    4.5 

1  Estimated. 
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ity  of  multilane  highways,  under  the  favor- 
able conditions  of  uninterrupted  flow,  is 
illustrated  in  table  2.  On  two-lane  highways 
this  influence  on  capacity  is  more  severe. 

In  the  years  just  prior  to  1946  the  national 
fatality  rate  was  about  12.0  deaths  per  100 
million  vehicle-miles  of  travel.  In  January 
1946,  the  rate  was  12.4.  The  President's 
Highway  Safety  Conference  was  called  in 
May  1946,  and,  notwithstanding  the  bad  rec- 
ord of  the  first  3  months  of  that  year,  the  up- 
ward trend  was  halted  and  turned  abruptly 
downward  so  effectively  that  the  year  ended 
with  a  rate  of  9.8.  The  wholehearted  support, 
and  the  devoted  interest  and  efforts  of  organ- 
izations, officials,  and  the  public  in  putting 
into  effect  the  Action  Program  developed 
through  the  Conference,  are  mainly  responsible 
for  the  reduction  in  the  fatality  record  to  the 
estimated  rate  for  1948  of  7.8  per  100  million 
vehicle-miles.  As  this  rate  is  lowered  we  must 
expect  to  reach  a  critical  point  at  which  a  con- 
tinuing decrease  will  prove  impossible  through 
education,  enforcement,  and  the  other  means 
which  have  been  responsible  for  the  splendid 
record  made  since  May  1946. 

In  addition  there  must  be  the  reduction, 
through  the  general  use  of  higher  standards 
of  highway  design,  of  the  current  fantastically 
high  accident  potentials.  The  astronomical 
number  of  accidents  that  do  not  happen  is 
terrifying.  As  traffic  volume  increases,  the 
accident  possibilities — that  is,  the  pressures 
for  accidents — build  up  in  geometric  ratio. 
The  accident  potentials  can  only  be  reduced 
with  certainty  by  reducing  the  possible  con- 
flicts of  traffic  units. 

We  know  that  major  reductions  in  the  fatal- 
ity rate  can  be  made  by  providing  properly 
designed,  modern  highway  facilities,  as  is 
evidenced  by  the  record  of  highways  on  which 
the  accident  potentials  are  greatly  reduced. 
The  following  highways  carry  large  volumes 
of  traffic  but  have  fatality  rates  as  low  as  one- 
fifth  to  one-third  of  the  national  average 
because  of  the  controlled-access  design  in 
which  conflicts  of  all  kinds — cross  traffic, 
pedestrians,  and  traffic  entering  along  the 
roadsides — have  been  materially  reduced  or 
eliminated: 

Death  Tate  per  100 
million  vehicle-miles 

Merritt  and  Wilbur  Cross  Park- 
ways (1946) 2.  5 

Chicago  Outer  Drive  (1946) 2.  9 

Riverside  Drive,  California 
(1941-44) 3.0 

Arroyo  Seco  Parkway  (1941- 
44) 3.9 

Metropolitan  New  York  Park- 
way System  (1938-48) 2.  5 

Pentagon  network,  Washington, 
D.  C.  (1942-48) 1.5 

The  Pentagon  network  is  composed  of  17 
miles  of  one-way  through  roads,  7.7  miles  of 
one-way  connecting  ramps,  and  2.3  miles  of 
two-way  local  service  roads — a  total  of  27 
miles — on  which  travel  for  the  period  of 
slightly  more  than  6  years  since  its  construc- 
tion is  estimated  at  337,500,000  vehicle-miles. 
Five  persons,  three  of  whom  were  pedestrians, 
have  been  killed  during  this  period.     Further 


reference  will  be  made  to  the  observations  of 
driver  behavior  on  the  roads  of  this  system. 

Under  the  inspired,  at  times  militant,  leader- 
ship of  Mr.  Robert  Moses,  the  Metropolitan 
New  York  Parkway  System  has  set  an  example 
of  highways  designed  on  a  scale  commensurate 
with  traffic  requirements  of  reasonable  speed 
with  safety.  The  system,  steadily  expanding, 
now  consists  of  164  miles  of  multilane  road- 
way, much  of  which  is  divided.  The  obstacles 
which  have  been  met  are  somewhat  indicated 
by  the  required  208  bridges.  There  are  two 
details  of  design,  which  cannot  be  over-com- 
mended, that  have  been  or  are  being  put  into 
practice  as  safety  measures.  One  is  the  instal- 
lation of  center  curbs  on  the  earlier  undivided 
parkways:  these  have  successfully  eliminated 
the  deadly  head-on  collisions.  The  other  is 
the  installation  of  paving  blocks  to  support 
heavy  vehicles  on  the  shoulders  when  disabled. 

The  Action  Program  of  the  President's 
Highway  Safety  Conference  lays  great  and 
proper  stress  upon  the  acceptance  of  individual 
responsibility  for  safety  on  the  highways. 
Educators  are  increasingly  stressing  the  impor- 
tance of  'true  personal  participation"  in  con- 
trast to  activity  unrelated  to  the  subject  of 
study.  Contrariness  and  individualism  in 
respect  to  a  desirable  course  of  conduct  dis- 
appear once  the  individual  accepts  his  respon- 
sibility for  safety  of  himself  and  others  on  the 
highway. 

The  responsibility  of  the  individual  toward 
the  public  to  preserve  highway  safety  should 
be  activated  by  school  instruction,  town  meet- 
ings, community  forums,  local  coordinating 
and  action  committees,  support  by  the  press, 
discussion  groups — all  of  which  are  calculated 
to  impress  the  individual  with  his  responsi- 
bility to  the  public  and  in  this  way  mold  or 
remold  the  habits  and  attitudes  relating  to 
safety  on  the  highways. 

When  these  approaches  to  the  problem  of 
accidents  have  been  used,  there  still  remains 
the  very  pertinent  query,  "What  is  the  proper 
attitude  of  the  public  toward  the  driver?" 
Basically,  the  individual  driver  has  his  limita- 
tions of  habits,  of  capabilities,  and  the  handi- 
caps of  his  own  perception  and  reaction  times. 
Each  driver  in  a  stream  of  traffic  loses  his  free- 
dom of  action  in  a  high  degree,  and  is  circum- 
scribed by  the  actions  of  others.  His  per- 
formance is  limited  by,  and  becomes  part  of, 
the  traffic  flow,  which  is  a  composite  of  the  re- 
actions of  a  multitude  of  drivers.  Thus  the 
responsibility  of  the  public  to  the  individual 
driver  is,  first,  to  determine  the  characteristics 
of  traffic  flow  lines,  and  second,  in  harmony 
with  this  knowledge,  to  provide  the  facilities 

Table  2. — Effect  of  commercial  vehicles  on 
practical  capacities  of  multilane  highways 


Proportion 
of  commer- 
cial vehicles 
to  total 
traffic 

Percentage  of  passen- 
ger-car capacity  on 
flat  terrain 

Flat  ter- 
rain 

Rolling 
terrain 

Percent 
None 

10 

20 

Percent 
100 
91 
83 

Percent 
100 

77 
63 
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for  safe  use.  The  dynamics  of  these  speeding 
streams  of  traffic  most  directly  influence  the 
design  features  which  we  term  geometric. 
These  are  alinement,  profile,  plan  of  inter- 
section, clearances,  horizontal  dimensions  of 
the  highway  cross  section,  and  the  many 
details  which  we  group  under  the  general  term 
of  highway  design. 

PRINCIPAL  HAZARDS  OF  THE  DESIGN 
CHARACTERISTICS  OF  EXISTING 
HIGHWAYS 

riic  outstanding  hazard  of  our  streets  and 
highways  is  undercapacity  for  the  traffic  load. 
Nearly  half  of-  the  rural  highways  carrying 
1,000  vehicles  per  day  and  over  are  less  than 
20  feet  in  width.  On  each  mile  of  such  high- 
way, over  60  times  per  hour,  or  once  each 
minute,  a  vehicle  is  encroaching  upon  the  left 
lane  when  meeting  an  oncoming  vehicle. 
Expanding  these  figures  to  the  many  miles  of 
rural  highways  in  this  country,  the  accident 
potential  reaches  unrealized  dimensions.  The 
length  of  time  that  a  vehicle  in  passing  another 
vehicle  occupies  the  lane  used  by  the  oncom- 
ing traffic,  depends  upon  the  width  of  pave- 
ment. On  an  18-foot  pavement  vehicles 
occupying  the  left  lane  require  43  percent 
longer  in  passing  than  on  pavements  24  feet 
wide.  The  pavement  of  the  lesser  width  is 
not  only  more  hazardous,  but  provides  only 
70  percent  of  the  capacity  of  the  24-foot 
pavement. 

Adequate  shoulders  are  necessary  to  the 
efficiency  of  motor- vehicle  operation.  They 
are  effective  in  increasing  the  traffic  capacity 
of  the  highway,  since  bituminous-treated 
shoulders  4  feet  or  more  in  width  adjacent  to 
18-  and  20-foot  pavements,  as  compared  with 
grass  or  gravel  shoulders,  increase  the  effective 
surface  width  approximately  2  feet.  Increas- 
ing the  effective  pavement  width  results  in 
fewer  vehicles  encroaching  upon  the  left  lane 
of  traffic,  and  thus  increases  the  traffic- 
carrying  capacity  of  the  highway. 

Shoulders  also  play  a  very  important  role 
in  accident  prevention  in  both  rural  and  sub- 
urban areas  where  pedestrians  are  involved. 
In  1947,  2.5  percent  of  all  rural  pedestrian 
fatalities  occurred  while  pedestrians  were 
walking  on  the  roadway.  Were  adequate 
shoulders  available  of  the  character  necessary 
to  provide  usable  footpaths,  many  lives  would 
be  saved. 

To  gain  the  advantage  of  adequate  shoul- 
ders, there  should  be  no  vertical  obstructions 
such  as  retaining  walls,  bridge  trusses,  utility 
poles,  guard  rails,  parked  vehicles,  or  other 
objects  near  the  traveled  way.  Obstacles  at 
the  edge  of  a  10-foot  lane  cause  vehicles  to 
travel  2.6  feet  farther  from  the  edge  of  the 
pavement  than  when  the  obstacles  are  not 
present.  Even  for  lanes  12  feet  wide  the 
same  positioning  of  obstacles  causes  vehicles 
to  travel  1.8  feet  farther  from  the  pavement 
edge.  Obstacles  4  feet  or  more  from  the 
pavement  edge  have  only  minor  effect.  The 
roadside  obstacles,  therefore,  have  the  effect 
of  reducing  the  pavement  width. 

width  of  shoulder  and  a  suitable 
surface  for  parked  vehicles  are  necessary  for 


Table  3. Iverage  spacing  between  vehicles  follouing  other  vehicles  closely   in   the  same 

lane  at  the  same  speed 


S| 1 

]  (istance 

of  travel 

per  second 

Four-lane  divided  highways 

Two-lani  ingnwii.vs 

Left  lane 

Right  lane 

Distance 
spacing 

Time 
spacing 

Distance 
spacing 

Time 
spacing 

Distance 
spacing 

Time 
spacing 

M.  /).  h. 

II) 
20 
30 
40 
50 
60 

Ft./sec. 

14.7 
;"i  .; 
44.0 
58.7 
73.4 
88.0 

30 

42 
62 
!«i 
122 
162 

Seconds 
2.04 
1.43 

1.41 
1.53 
1.66 
1.84 

Feet 

Seconds 

Feet 

Seconds 

60 

77 
107 
139 

1.36 
1.31 
1.46 
1.58 

80 
105 
130 
156 

1.82 
1.79 

1.77 
1.77 

Spacing  measured  from  the  rear  bumper  of  one  car  to  the  front  bumper  of  the  following  car. 


every  highway  regardless  of  its  width.  On 
the  Merritt  Parkway  in  Connecticut,  two- 
thirds  of  the  fatalities  resulting  from  collisions 
between  vehicles  have  involved  a  parked  ve- 
hicle on  the  roadway.  The  German  Auto- 
bahnen were  built  with  divided  paved  road- 
ways, each  29.25  feet  in  width,  thus  providing 
capacity  greatly  in  excess  of  normal  require- 
ments. The  shoulder  width  was  1  meter. 
In  1938,  after  a  very  few  years  of  use  of  a 
limited  mileage,  Inspector-General  Dr.  Fritz 
Todt,  the  official  in  charge,  stated  that  the 
decision  had  been  made  to  add  wider  shoulders 
because  of  numerous  accidents  caused  by  ve- 
hicles standing  on  the  pavements.  This  ex- 
perience is  compelling  in  establishing  proof  of 
the  danger  inherent  in  the  vehicle  parked  on 
the  roadway.  Every  other  element  which  we 
rate  as  contributory  was  absent,  and  the 
standing  vehicle  per  se  was  the  cause  of  the 
accidents. 

Where  sight  distances  on  two-lane  roads  are 
so  short  that  passing  would  be  hazardous,  it 
is  customary  to  stripe  no-passing  zones. 
Observations  were  made  on  a  3,400-foot  length 
of  highway,  of  which  about  one-fourth  was 
marked  "no  passing"  by  reason  of  sight  dis- 
tances below  400  feet.  Of  the  total  number 
of  passings  made  within  this  3,400-foot 
length,  more  than  10  percent  were  started  or 
completed  in  the  restricted  zone.  On  roads 
where  no-passing  restrictions  comprise  as 
much  as  40  percent  of  their  length,  the  volume 
of  traffic  that  can  be  satisfactorily  and  safely 
accommodated  is  only  about  80  percent  of 
that  which  can  be  carried  on  a  similar  highway 
free  from  sight  distance  restrictions. 

The  road  margin  is  the  critical  line  of  hazard 
on  many  of  our  existing  highways.  Recog- 
nition of  this  situation  appears  in  a  project 
just  initiated  in  Michigan,  in  which  a  study  of 
the  locale  of  accidents  with  respect  to  taverns, 
gas  stations,  restaurants,  and  other  roadside 
establishments  is  to  supplement  the  more 
conventional  facts  analyzed  in  studies  of 
traffic  accidents.  The  unrestricted  use  of  the 
road  margin  for  entrance  and  exit  at  such 
locations  causes  driver  confusion,  disorderly 
parking,  and  other  operating  hazards.  The 
growth  in  the  number  and  popularity  of  out- 
door drive-in  theaters  is  but  a  single  example 
of  the  commercial  exploitation  of  the  road- 
side. The  safety  of  motoring  audiences,  as 
they  enter  or  leave  these  establishments  in 
large  numbers,  has  become  a  necessary  con- 


cern of  highway  authorities  because  of  the 
effect  on  operating  conditions  on  the  adjoining 
highways.  The  most  difficult  obstacles  the 
highway  engineer  faces  in  his  effort  to  build 
safety  into  the  highways  are  the  lack  of  legal 
authority  and  effective  legal  machinery  pro- 
vided to  acquire  sufficient  right-of-way  and  to 
control  the  entrance  to  the  public  highway 
from    abutting   property. 

A  characteristic  serious  fault  of  drivers  is 
that  of  following  too  closely  a  car  traveling 
in  the  same  lane.  The  speed  and  the  interval 
between  the  cars  do  not  permit  adequate  per- 
ception and  reaction  time  for  the  rear  car  to 
stop  if  the  car  ahead  is  brought  to  an  unex- 
pected halt.  This  type  of  accident  has  the 
potentials  of  a  whole  series  of  accidents,  of  tying 
up  traffic,  of  causing  much  property  damage, 
and  sometimes  serious  or  fatal  accidents. 
The  grave  implications  of  this  very  common 
practice  are  indicated  in  table  3.  The  per- 
ception and  reaction  times  vary  with  individ- 
uals, but  a  safe  assumption  would  hardly  be 
less  than  1.5  seconds.  Tests  of  drivers  have 
shown  that  the  minimum  reasonable  reaction 
time  alone  is  three-fourths  of  a  second. 

The  average  time  spacing  between  vehicles 
following  at  the  same  speed,  for  all  speeds 
and  for  both  two-  and  four-lane  roads,  is 
1.58  seconds;  16.2  percent  of  the  traffic  will 
have  a  time  spacing  of  0.75  seconds  or  about 
one-half  the  average. 

THE  COMPONENTS  OF  ROAD  DESIGN 
FOR  SAFE  OPERATION,  AS  INDICAT- 
ED BY  DRIVER  BEHAVIOR 

Alinement 

The  alinement  must  be  adjusted  to  the 
volume  and  type  of  traffic,  the  driving  char- 
acteristics of  the  operators,  and  the  dynamic 
effects  of  the  mass  movement.  The  alinement 
selected,  whether  the  highway  be  two,  four,  or 
more  lanes  wide,  determines  how  effectively 
and  safely  the  completed  facility  will  meet  the 
demands  of  traffic.  Sight  distances  between 
1,500  and  2,000  feet  long  are  essential  on  any 
rural  two-lane  highway.  The  percentage  of  the 
length  where  sight  distances  of  this  magnitude 
should  be  available  will  depend  on  the  volume 
and  type  of  traffic  which  the  highway  must 
accommodate.  On  our  main  highways  carrying 
high-speed  through  traffic,  a  sight  distance  of 
at  least   1,500  feet  should  be  available  on  a 
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minimum  of  60  percent  of  the  route  length  if 
the  highway  is  to  accommodate  peak  traffic 
volumes  as  high  as  500  vehicles  per  hour  with 
safety.  If  it  is  unavoidable  to  introduce  curva- 
ture which  restricts  the  sight  distance,  it  is 
essential  to  select  an  alinement  free  from  sud- 
den changes  that  come  as  a  surprise  to  the 
operator.  Curves  at  the  ends  of  long  tangents 
are  definitely  more  hazardous  than  the  same 
curves  located  where  the  general  alinement  is 
made  up  of  a  series  of  curves. 

Practical  Working  Capacities 

Accidents  are  inevitable  on  overloaded 
highways.  Safe  highways  must  have  sufficient 
capacity  to  permit  drivers  to  operate  at  reason- 
able speeds.  On  main  rural  highways  drivers 
generally  accept,  as  reasonable,  average  run- 
ning speeds  of  45  to  50  miles  per  hour  during 
the  peak  volumes.  On  urban  expressways,  a 
speed  of  30  to  35  miles  per  hour  during  peak 
traffic  volumes  is  reasonable. 

The  working  capacities  for  modern  rural 
roads  in  terms  of  passenger  cars  per  lane  are 
450  per  hour  for  a  two-lane  road,  and  1,000  per 
hour  for  the  lanes  in  the  direction  of  heavier 
travel  on  multilane  roads.  At  these  traffic 
volumes,  under  ideal  roadway  conditions,  the 
drivers  who  so  desire  can  safely  travel  at  a 
speed  of  45  to  50  miles  per  hour  on  rural  roads, 
although  the  average  speed  of  all  vehicles  at 
any  given  point  will  be  about  42  miles  per  hour 
as  compared  to  an  average  speed  of  about  48 
miles  per  hour  during  low  traffic  densities. 

In  urban  areas  the  maximum  practical 
working  capacity  for  a  modern  multilane 
expressway  is  1,500  passenger  cars  per  hour  for 
each  lane  in  the  direction  of  heavier  travel. 
At  this  volume,  drivers  who  so  desire  can 
safely  average  35  to  40  miles  per  hour,  and 
the  average  speed  of  all  vehicles  will  be  be- 
tween 30  and  35  miles  per  hour.  At  this  work- 
ing point,  unusually  high  volumes  that  occur 
frequently  for  short  periods  can  be  handled 
without  complete  congestion. 

Lane  Widths 

The  lane  widths  used  for  the  design  of  our 
highways  must  be  based  on  vehicles  in  motion; 


not  on  the  actual  size  of  the  vehicles  standing 
still.  Most  of  our  main  highways  have 
sufficient  traffic  of  commercial  vehicles  to 
require  12-foot  lanes  for  safe  operating  con- 
ditions. Eleven-foot  lanes  must  only  be  con- 
sidered for  highways  carrying  less  than  1,000 
vehicles  per  day.  The  reduction  in  capacity 
by  narrowing  lanes  is  not  only  unsafe;  it  is 
definitely  uneconomical — the  cost  of  the  addi- 
tional width  is  less  than  the  proportional 
increase  in  capacity.  The  effect  of  lane 
width  on  capacity  is  shown  in  table  4. 

Two-Lane  Highway  Limitations 

The  accident  experience  on  two-lane  high- 
ways shows  that  the  death  rate  per  million 
vehicle-miles  increases  with  an  increase  in  the 
traffic  volume.  Operating  conditions  on  the 
average  two-lane  highway  are  not  satisfactory 
when  traffic  volumes  exceed  4,000  vehicles  per 
day  in  flat  terrain,  or  3,300  vehicles  per  day  in 
rolling  terrain.  It  is  only  for  extremely  low 
daily  traffic  volumes  that  a  two-lane  highway 
can  safely  accommodate  a  vehicle  traveling 
over  60  miles  per  hour,  regardless  of  excellent 
alinement.  Design  speeds  that  exceed  60 
miles  per  hour,  to  provide  safe  operating 
conditions,  require  four-lane  divided  highways 
if  the  volume  exceeds  3,000  vehicles  per  day. 
On  free-flowing  highways  where  the  higher 
speeds  are  safer,  this  very  fact  automatically 
lowers  the  top  range  by  permitting  a  constant 
rate  which  satisfies  most  drivers.  The  average 
actual  rate  for  two-lane  highways  of  modern 
superior  design  is  about  48  miles  per  hour. 

There  is  confusion  of  the  terms  "overload" 
and  "congestion."  Congestion  approaching 
stagnation  may  lower  the  frequency  of  serious 
accidents,  but  at  the  same  time  it  defeats  the 
utility  of  highway  transport.  Any  concept 
that  congested  highways  are  safer  completely 
overlooks  the  fact  that  each  route  has  its  own 
characteristic  pattern  of  daily  use.  It  may 
have  an  hour  or  a  fraction  of  an  hour  of 
congestion  once  or  twice  daily,  at  peak  traffic 
periods.  These  periods  of  congestion  causing 
stagnation  or  incipient  stagnation  may  be 
productive  of  numerous  but  not  fatal  acci- 
dents.    The    remainder    of    each    24    hours 


constitutes  90  to  95  percent  of  the  time, 
during  which  there  are  much  longer  periods 
when  the  route  is  overloaded  and  a  breeder  of 
accidents. 

Multilane  Highways 

Multilane  highways  of  the  divided  type  will 
accommodate  three  to  six  times  as  many  vehi- 
cles per  lane  as  a  two-lane  highway,  and  pro- 
vide greater  safety.  For  average  conditions, 
the  width  should  be  increased  from  four  to 
six  lanes  when  the  volume  exceeds  18,000 
vehicles  per  day  in  rural  areas,  or  32,000 
vehicles  per  day  in  urban  areas.  In  certain 
areas  of  the  country  where  seasonal,  daily, 
and  hourly  fluctuations  in  traffic  flow  vary 
from  the  average  condition,  the  practical 
capacity  of  a  four-lane  divided  highway 
might  be  as  much  as  30  percent  higher  or  lower 
than  the  above  volumes. 

Shoulders  are  Essential 

Shoulders  that  will  accommodate  disabled 
vehicles  and  that  may  be  used  by  moving 
vehicles  in  cases  of  emergency,  during  any 
weather  conditions,  are  essential  for  safety  on 
main  highways.  Adequate  shoulders  are  also 
essential  to  realize  the  full  capacity  of  the 
surface  width.  Without  adequate  shoulders, 
one  disabled  vehicle  can  reduce  the  capacity  of 
both  two-lane  and  multilane  highways  during 
peak  periods  by  as  much  as  60  percent.  There 
is  at  least  one  disabled  vehicle  for  every  20,000 
vehicle-miles  of  travel  on  our  main  highways.3 
Furthermore,  adequate  shoulders  increase  the 
effective  surface  width  for  traffic  when  no 
disabled  vehicle  is  present.  Without  a  place 
of  refuge  outside  the  traffic  lanes,  one  dis- 
abled vehicle  can  reduce  the  capacity  of  a 
highway  by  more  than  one  lane,  especially  if 
the  lanes  are  less  than  12  feet  wide. 

The  disabled  vehicle  blocks  one  lane  and 
reduces  the  capacity  of  adjoining  lanes  by 
restricting  vehicle  speeds.  It  may  block  all 
lanes  in  one  direction,  completely  stopping 
traffic  in  that  direction.  The  maximum 
capacity  of  a  traffic  lane  with  vehicles  moving 
at  20  miles  per  hour  is  only  87  percent  of  its 
capacity  at  30  miles  per  hour;  at  10  miles  per 
hour,  orjy  about  50  percent.  A  minor  acci- 
dent which  causes  a  reduction  in  speed  can 
result  in  complete  congestion  when  a  facility 
is  operating  near  its  capacity. 

Table  4. — Effect  of  lane  width  on  capacity 


Lane 
width 

Percentage  of  12-foot  lane 
capacity 

Two-lane  rural 
roads 

Multilane 
express- 
ways at 
practical 
urban 

capacities 

At  pos- 
sible capaci- 
ties 

At  prac- 
tical capaci- 
ties 

Feet 
12 
11 
10 
9 

Percent 

100 

88 

81 

76 

Percent 

100 
86 
77 
70 

Percent 
100 
97 
91 
81 

2  On  the  Oakland  Bay  Bridge,  for  example,  during  the  peak 
hour  when  6,700  vehicles  use  the  6-mile  structure,  an  average 
of  two  vehicle  break-downs  can  be  expected,which  will  seriously 
affect  the  traffic  capacity  of  the  bridge. 
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Curbs  ami  Lateral  Clearances 

Any  vertical  member  adjacent  to  a  roadway 
constitutes  a  safety  hazard  and  is  an  obstruc- 
tion to  the  free  movement  of  traffic,  unless  it  is 
6  feel  removed  from  the  pavement  edge. 
High  vertical  curbs  of  the  so-called  non- 
mountable  type  fall  within  this  category,  and 
when  required  they  should  be  6  feet  removed 
from  the  traveled  way  in  order  to  have  no 
effect  on  traffic.  If  they  are  3  or  4  feet  away, 
however,  their  effect  will  not  be  critical.  A 
low  sloping  curb  may  be  used  adjacent  to  the 
roadway  surface  in  conjunction  with  a  high 
curb  further  removed. 

Drainage 

The  provision  of  side  ditches,  gutters,  and 
drainage  structures,  sufficient  to  prevent  mud 
and  debris  from  washing  onto  or  collecting  on 
the  roadway  surface  during  storms,  is  a 
necessary  safety  measure.  Such  foreign  mate- 
rials constitute  hazards  in  themselves  by 
creating  slippery  pavement  conditions;  but  of 
greater  importance  is  the  hazard  created  by 
drivers  who,  in  attempting  to  avoid  such 
materials,  bring  their  vehicles  into  the  paths 
of  other  vehicles.  In  the  colder  regions  the 
formation  of  ice  on  pavements  as  a  result  of 
water  collecting  in  poorly  drained  places 
presents  a  serious  safety  problem. 

Highway  Intersections 

To  provide  safe  operation  at  intersections, 
on  rural  through  roads  carrying  an  average 
traffic  of  5,000  vehicles  per  day  and  over,  the 
grades  should  preferably  be  separated  at 
intersections  with  other  major  roads. 

Chief  among  the  reasons  for  safety  violations 
at  intersections  is  congestion.  The  driver 
whose  patience  is  exhausted  is  here  the  dan- 
gerous operator.  Aside  from  relief  of  con- 
gestion, there  are  a  number  of  measures  that 
aid  in  minimizing  hazards  at  intersections. 
Among  these  measures  the  following  rank 
high: 

1.  Corner  sight  distances  consistent  with 
the  operating  speeds  of  traffic,  with  due  con- 
sideration of  the  method  of  traffic  control 
employed. 

2.  Safety  islands  for  pedestrians  at  busy 
intersections  where  streets  are  wide  and 
pedestrian  traffic  is  heavy. 

3.  Separated  turning  lanes,  especially  on 
high-speed  or  moderately  high-speed  divided 
highways,  to  enable  turning  vehicles  to 
decelerate  and  stop,  if  necessary,  clear  of  the 
lanes  used  by  through  traffic. 

Railroad  Grade  Crossings 

All  main-line  railroad  grade  crossings  of 
highways  which  carry  substantial  traffic  flows 
should  be  separated.  Because  of  the  cost  and 
the  pressures  for  other  highway  improvements, 
the  elimination  of  crossing  hazards  by  con- 
struction of  separation  structures  will  be  de- 
layed at  many  locations.  Consequently, 
grade-crossing  protection  should  proceed  rap-  ' 
idly.  Particularly  effective  are  the  installa- 
tions of  the  short-arm  automatic  gates.  These 
have  some  obvious  maintenance  and  cost  ad- 
vantages over  the  long-arm  gate  installations, 
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An  accident  a  mile  away  resulted  in   this 
concentration  of  traffic. 


and  provide  a  barrier  which  experience  has 
proven  adequate.  Though  the  combined 
short-arm  gate  and  flashing  signal  installation 
is  somewhat  more  expensive  than  that  of  the 
flashing  signal  alone,  this  type  should  be  uni- 
formly used  for  all  main-line  crossings  at 
grade,  regardless  of  the  number  of  tracks. 
This  position  is  reflected  in  the  present  policies 
of  the  Public  Roads  Administration. 

Loading  Recesses 

The  destined  function  of  practically  all  of 
our  highway  mileage,  both  new  and  old,  is  to 
provide  service  to  all  classes  of  traffic.  The 
peculiar  needs  of  commercial  and  mass-transit 
vehicles,  not  only  in  their  steady  flow  move- 
ments but  also  at  their  terminals,  transfer 
points,  and  roadside  stops,  require  attention 
in  shaping  the  physical  features  of  the  road- 
way. The  frequent  stopping  of  transit  or 
commercial  vehicles  in  the  moving  traffic 
stream  is  a  serious  traffic  hazard.  Wherever 
possible,  and  in  all  instances  on  new  highways 
designed  as  routes  for  mass  transit,  proper 
facilities  should  be  provided  off  the  through 
lanes  for  transit-vehicle  passenger  loading 
and  unloading.  These  roadways  should  be 
designed  to  expedite  movements  of  the  transit 
vehicle  as  well  as  those  of  the  more  numerous 
private  passenger  car. 

Through  the  provision  of  more  attractive 
and  convenient  mass  transportation,  there  is 
the  possibility  of  shrinking  our  urban  traffic 
problems  to  more  moderate  limits.  Efficiently 
designed  off-street  loading  bays  and  terminals 
for  trucks  serve  a  similar  purpose,  particularly 
in  the  central  core  of  our  cities  where  street 
space  is  wholly  inadequate  for  the  moving 
traffic. 

Uniform  Signs  and  Signals 

Traffic-control  devices,  though  relatively 
inexpensive  accessories  to  street  and  highway 
design,  are  significant  aids  to  safe  highway 
operation.  Well  designed  and  located  high- 
way signs,  signals,  and  markings  eliminate  or 
relieve  many  of  the  elements  of  surprise  that 
characterize  certain  combinations  of  design 
and  traffic-operation  features.  The  planning 
of  new  highway  facilities  should  always  be  ac- 
companied by  thought  as  to  the  traffic  control, 
to  hold  restrictive  measures  to  a  minimum. 
Such  preliminary  considerations  also  offer 
certain  correlative  benefits  in  the  joint  plan- 
ning of  design  and  control  elements  on  the 


new  facility.  The  control  will  thus  be  tailored 
into  the  design  at  the  most  appropriate  stage, 
and  not  left  for  piecemeal  application  after 
completion  of  the  construction.  The  Manual 
on  Uniform  Traffic  Control  Devices  should  be 
rigorously  followed.  The  manual  has  become 
the  single  legal  standard  for  use  on  all  Federal- 
aid  projects. 

Speed  Control 

Reasonable  speed  is  a  necessary  element  of 
efficient  highway  transportation,  yet  speed  is 
so  frequently  pointed  to  as  a  traffic  accident 
cause  that  the  dictum  has  wide  acceptance 
that  traffic  accidents  and  higher  speeds  go 
hand  in  hand,  and  that  there  can  be  no  one 
facility  that  possesses  the  characteristics  of 
speed  and  safety.  Numerous  attempts  to  re- 
late speed  and  accidents  have  had  but  meager 
success.  Speed  definitely  increases  the  sever- 
ity of  accidents,  and  it  has  been  demonstrated 
from  studies  in  New  York,  New  Jersey,  and 
Connecticut  that  fast  drivers  are  guilty  of 
more  traffic  violations  and  are  involved  in 
more  accidents  than  those  who  operate  at 
more  moderate  speeds.  But  we  also  find  that 
our  modern  highways  with  excellent  safety 
records  are  accommodating  traffic  speeds  def- 
initely above  those  found  on  routes  of  inferior 
design. 

The  answer  is  certain.  The  newer  facilities 
have  been  purposely  planned  to  meet  the 
higher  speed  demand,  and  are  distinguished 
by  uniformity  in  those  design  features  that 
relate  to  safe  accommodation  of  faster-moving 
traffic. 

Safe  vehicle  speeds  thus  depend  in  large 
measure  on  characteristics  of  the  roadway. 
With  approximately  400  billion  vehicle-miles 
of  travel  annually,  it  can  hardly  be  expected 
that  police  activity  on  speed-law  enforcement 
will  be  effective  for  more  than  a  small  frac- 
tion of  this  total.  Speed  controls,  where 
applied,  must  be  adapted  to  the  circumstances. 
On  our  highway  systems,  both  urban  and 
rural,  there  is  a  wide  range  of  ability  to  ac- 
commodate speed.  This  is  true  not  only  for 
the  nation  but  for  any  State,  or  for  any  appre- 
ciable length  of  highway  within  a  given  State. 

Thus,  the  establishment  of  a  uniform  legal 
speed  limit  for  rural  and  urban  areas  is  not  a 
solution.  Such  a  policy  is  unsound.  A  limit 
set  at  the  maximum  safe  speed  for  the  poorest 
section  of  highway  is  obviously  an  invitation 
to  disregard  the  law.  As  shown  in  table  5, 
37  of  the  States  now  exercise  the  authority  to 
post  speed  limits  differing  from  the  speed  that 
has  been  set  as  a  general  maximum.      The 

Table  5. — State-wide  speed  limits  and  speed 
zoning  authority 


Rural  State-wide 
speed  limit 

Number  of 
States 

States  with 
rural  speed 

zoning 
authority 

No  limit 

14 
8 
7 

10 
4 
2 
2 
1 

10 
8 
7 
7 
3 
0 
2 
0 

60  m.  p.  h 

55  m.  p.  h.  

50  m.  p.  h 

45  m.  p.  h 

40  m.  p.  h 

35  m.  p.  h 

25  m.  p.  h __ 

48 

37 
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Table   6. — Suggested  zone   speeds  for   safe 
operation  on  curves 


Degree  of 

Radius  of 

Suggested 

curvature 

curvature 

zone  speed1 

Feet 

M.  p.  ft. 

3 

1,910 

60 

4 

1,433 

53 

5. 

1,146 

48 

6 

955 

43 

7 

819 

40 

8 

717 

37 

9, 

637 

35 

10 

574 

33 

11 

522 

32 

12. _ 

478 

31 

13 

442 

30 

14 

410 

29 

1  Before  zoning  speeds  are  posted  the  curves  should  be 
tested  by  competent  observers  to  determine  the  safe  speed  for 
the  particular  conditions. 

rural  State-wide  daytime  limits  range  from 
25  miles  per  hour  in  1  State  to  no  limit  in  14 
States.  Of  the  29  States  having  general 
limits  above  50  miles  per  hour,  all  but  four 
are  using  the  device  of  zoning  to  encourage 
judicious  use  of  the  highway  with  respect  to 
speed.  Much  more  needs  to  be  known  about 
the  principles  of  successful  zoning,  but  suffi- 
cient study  has  been  given  to  determine  that 
the  signing  must  be  realistic  and  possess  con- 
siderable self-enforcing  value.  The  estab- 
lishment of  frequent,  unwarrantedly  low 
limits  breaks  respect  for  the  entire  zoning 
device,  which  is  reflected  in  abuses  of  other 
essential  traffic  regulatory  measures.  Sug- 
gested zone  speeds  for  safe  operation  on  curves 
are  shown  in  table  6. 

Efficient  Operating  Grades 
for  Trucks 

Table  7  shows  the  distance  that  light- 
powered  trucks  with  gross  weights  of  30,000 
pounds,  and  medium-powered  trucks  with 
gross  weights  of  40,000  pounds,  can  go  up 
various  grades  before  their  speeds  are  lowered 
to  30  miles  per  hour.  Medium-powered 
trucks  with  gross  weights  of  40,000  pounds 
will  probably  not  occur  with  sufficient 
frequency  on  most  of  our  main  rural  highways 
to  justify  basing  the  road  design  on  these 
vehicles  alone.  Light-powered  trucks  with 
gross  weights  of  30,000  pounds,  however,  will 
occur  with  sufficient  frequency  on  most  main 
highways  to  affect  seriously  the  operation  of 
passenger  vehicles  on  the  highway  unless  they 
are  considered  when  selecting  the  alinement 
and  other  design  features  of  the  road.  It  will 
be  noted  that  the  length  of  grade  that  reduces 
the  speed  to  30  miles  per  hour  is  approximately 
the  same  for  the  light-powered  trucks  with  the 
gross  weights  of  30,000  pounds  as  for  the 
medium-powrered  trucks  with  gross  weights 
of  40,000  pounds. 

A  third  lane  on  the  uphill  side  will  prevent 
the  slow-moving  trucks  from  unduly  interfer- 
ing with  other  traffic  if  the  third  lane  is 
started  at  the  proper  distance  from  the 
bottom  of  the  grade,  as  shown  in  table  7.  In 
certain  types  of  terrain,  however,  especially 
where  the  road  is  located  on  the  side  of  a  steep 
hill  or  mountain,  it  may  be  impractical  to 
provide  an  additional  lane.  Since  the  problem 
must  be  met  on  main  routes,  there  are  the 
alternatives  of  improved  alinement  for  routes 
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of  light  travel,  or  the  addition  of  a  new 
one-way,  two-lane  roadway  on  a  separate 
location.  In  the  latter  case  the  old  plus  the 
new  roadway  would  provide  two  lanes  in 
each  direction. 

Far  too  little  attention  is  given  the  fact  that 
farm  production  is  moving  to  the  markets  and 
to  the  railroads  in  trucks.  In  a  constantly 
increasing  degree  the  secondary  or  farm-to- 
market  roads  must  be  designed  for  truck 
operation;  and  efficient,  safe  operation  re- 
quires low  gradients.  The  lowest  unit-cost 
item  in  road  construction  today  is  earth 
excavation,  and  there  is  no  reasonable  excuse 
to  neglect  the  economy  that  will  accrue  to  the 
farms  by  requiring  additional  excavation  in 
designing  farm-to-market  roads,  to  provide 
low  grades  and  good  alinement. 

From  the  angle  of  safety  only,  the  most 
serious  result  of  grades  is  the  restricted  sight 
distance  at  the  crest,  or  of  the  erroneous 
design  policy,  quite  generally  practiced,  of 
introducing  short  sight  distance  curves  to 
lower  the  percentage  of  gradient. 

The  Less-than-Traffic-Speed  Driver 

On  week  ends  and  holidays  the  most  fervent 
anathemas  of  other  drivers  are  directed 
toward  the  driver  who  fails  to  maintain  the 
average  traffic  speed.  This  attitude  mistakes 
the  effect  for  the  cause.  The  collection  of  a 
queue  of  cars  with  frustrated  drivers  behind  a 
car  moving  slower  than  the  average  traffic 
speed  is  a  sure  indication  of  an  overloaded 
highway.  The  same  conditions  apply  as  in  the 
case  of  the  slow-moving  truck.  The  fault 
is  the  highway,  not  the  slow  driver.  Too 
narrow  traffic  lanes  and  too  restricted  sight 
distances  are  the  most  common  defects.  The 
slow  driver  is  not  likely  to  disappear  from  the 
roads;  the  remedy  lies  in  eliminating  his 
accident  potential  by  improved  road  design. 

Capacities  of  Express  Highivays 

At  the  present  time  our  main  highways 
carry  about  20  percent  commercial  traffic. 
During  peak  hours,  however,  commercial  ve- 
hicles are  generally  in  the  neighborhood  of  10 
percent  of  the  total  traffic.  In  rural  areas, 
two-thirds  of  the  traffic  is  generally  in  one 
direction  during  the  peak  hours.     In  urban 

Table  7. — Distance  from  bottom  of  grade  at 
which  truck  speed  would  be  reduced  to 
30  miles  per  hour 


Table  8. — Hourly  and  annual  average  24- 
hour  design  capacities  for  express  high- 
ways l 


Light-powered 

Medium-pow- 

trucks with  gross 

ered    trucks  with 

weights 

of    30,000 

gross  weights  of 

Grade 

pounds 

40,000  pounds 

Distance 

Distance 

from 

Vertical 

from 

Vertical 

bottom  of 

climb 

bottom  of 

climb 

grade 

grade 

Percent 

Feet 

Feet 

Feet 

Feet 

2 

2,000 

40 

1,780 

36 

3 

1,090 

33 

1,035 

31 

4 

760 

30 

740 

30 

5 

570 

29 

550 

28 

6 

470 

28 

450 

27 

7 

400 

28 

390 

27 

8 

325 

26 

320 

26 

Type  of  area  and 
terrain 

Hourly  design 
capacities 

Annual  average 

24-hour  design 

capacities  2 

2-lane 
high- 
way 

Wane 

high- 
way 

2-lane 
high- 
way 

4-lane 
high- 
way 

Rural  areas: 3 

Flat  terrain  * 

Rolling  terrain  5 

Urban  areas: 8 

Flat  terrain  4 

Rolling  terrain  5 

600 
500 

2,800 
2,500 

4,550 
3,850 

4,000 
3,300 

18, 700 
16, 700 

38, 000 
32, 000 

1  Assuming  an  approach  speed  of  40  miles  per  hour.  Bad 
alinement,  weak  and  narrow  bridges,  or  other  hazardous 
conditions  at  the  bottom  of  the  grade  would  make  these 
speeds  unsafe. 


1  Based  on  10  percent  commercial  vehicles  during  peak 
hours. 

2  Based  on  a  30th  highest  hour  of  15  percent  of  the  annual 
average  24-hour  traffic  for  rural  areas,  and  a  30th  highest 
hour  of  12  percent  of  the  annual  average  24-hour  traffic  for 
urban  areas. 

3  Based  on  two-thirds  of  the  traffic  in  one  direction  and  an 
operating  speed  of  50  m.  p.  h. 

*  Based  on  sight  distance  of  at  least  1,500  feet  on  80  percent 
of  the  2-lane  highways. 

5  Based  on  sight  distance  of  at  least  1,500  feet  on  60  percent 
of  the  2-lane  highways. 

6  Based  on  60  percent  of  the  traffic  in  one  direction  and  an 
operating  speed  of  35-40  m.  p.  h. 


areas,  the  distribution  by  direction  will  gen- 
erally vary  from  two-thirds  in  one  direction 
in  the  outlying  areas  to  an  equal  distribution 
each  way  in  the  central  business  districts.  It  is 
generally  not  feasible  to  obtain  a  perfect  aline- 
ment having  no  sight  distance  restrictions,  on 
two-lane  highways.  Even  in  flat  terrain  it  is 
difficult  to  obtain  more  than  80  or  90  percent 
of  the  road  with  a  sight  distance  over  1,500 
feet,  and  in  rolling  terrain  it  is  difficult  to 
obtain  more  than  60  percent  of  the  road  with 
a  sight  distance  over  1,500  feet.  The  total 
hourly  capacities  for  two-  and  four-lane  high- 
ways in  rural  and  urban  areas,  for  these  aver- 
age conditions,  are  as  shown  in  table  8. 

When  relating  the  hourly  design  capacities 
to  annual  traffic  volumes,  fluctuation  in  traffic 
flow  must  be  considered.  Comprehensive 
studies  of  the  fluctuation  in  traffic  flow  on  rural 
highways  show  that  the  traffic  density  some- 
where between  the  thirtieth  to  the  fiftieth 
highest  hourly  traffic  volumes  of  the  year 
should  be  selected  for  design  purposes.  On 
the  average  rural  highway,  the  thirtieth 
highest  hour  of  the  year  is  about  15  percent  of 
the  annual  average  24-hour  traffic  volume. 
In  urban  areas  it  averages  about  12  percent 
of  the  annual  average  traffic  volume.  Table 
8  shows  the  annual  average  24-hour  traffic 
volumes  that  can  be  used  for  design  purposes 
at  locations  where  there  is  the  average  fluc- 
tuation in  traffic  flow.  Values  as  much  as  30 
percent  higher  or  lower  than  these  may  be 
applicable  to  a  specific  location,  depending  on 
the  seasonal,  daily,  and  hourly  fluctuation, 
and  the  distribution  of  peak-hour  traffic  by 
directions. 

A  four-lane 'expressway  of  modern  design, 
with  controlled  access,  will  accommodate  as 
much  traffic,  at  approximately  twice  the  aver- 
age speed,  as — - 

1.  Five  ordinary  city  streets,  each  40 
feet  in  width,  with  parking  prohibited. 

2.  Eight  ordinary  city  streets,  each  42 
feet  wide,  with  parking  on  both  sides. 

3.  Five  ordinary  city  streets,  each  68 
feet  wide,  with  parking  on  both  sides. 
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I.  About    three  ordinarj    city   streets, 
i   •    feel    wide,    with    parking    pro- 
hibited. 

By  "ordinary  city  streets"  is  meant  those 
thai  have  the  average  amount  of  left-turning 
movements  and  pedestrian  interference  prev- 
alent in  downtown  areas. 

Brakes 

The  hazardous  conditions  created  by  too 
short  spacing  between  cars  following  in  the 
same  lane  are  emphasized  by  the  studies  of 
brake  performance.  Safe  vehicle  performance 
depends  to  a  greater  degree  upon  adequate, 
well-maintained  brakes  than  upon  any  other 
single  element  of  vehicle  design.  Likewise, 
the  brakes  betray  most  surely  the  failures  and 
neglect  of  the  driver  or  owner.  Studies  by 
the  Public  Roads  Administration  just  before 
the  war  disclosed  that  over  40  percent  of  the 
passenger  cars  tested  on  the  highway  had  zero 
pedal  reserve,  i.  e.,  the  pedal  was  flat  on  the 
floor  board  after  an  emergency  stop  from  20 
miles  per  hour. 

Brakes  are  a  common  alibi  in  many  acci- 
dents; sometimes  the  true  cause,  but  more 
often  not.  If  the  brakes  fail,  the  responsibility 
lies  usually  with  the  driver.  He  has  not  main- 
tained them  properly. 

The  widely  distributed  studies  of  brake 
performance  show  that  the  condition  existing 
in  1942  was  not  a  rosy  one.  It  is  probably 
worse  today.  Only  62  percent  of  the  passenger 
cars,  18  percent  of  the  two-axle  trucks,  and  3 
percent  of  the  three-axle  combination  units 
could  stop  in  30  feet  or  less  from  a  speed  of 
20  miles  per  hour. 

There  is  abundant  confirmation  that  the 
braking  systems  of  passenger  cars  and  espe- 
cially of  commercial  vehicles  are  too  commonly 
poorly  maintained  or  grossly  inadequate.  An 
analysis  of  the  results  indicates  that  this  level 
of  performance  can  be  greatly  improved. 
Passenger  cars  and  two-axle  trucks  can  be 
made  to  stop  from  20  miles  an  hour  in  30  feet 
or  less.  The  combination  units  now  on  the 
road  may  not  be  able  to  do  that  well,  con- 
sidering the  lag  that  exists  from  the  time  that 
the  pedal  is  touched  until  the  brake  shoes 
actually  contact  the  drums.  However,  it  is 
certain  that  with  proper  maintenance  of  well- 
designed  braking  systems,  a  much  better 
showing  can  be  expected.  It  is  heartening,  in 
this  respect,  to  read  that  the  Pennsylvania 
Motor  Truck  Association's  Engineering  Sub- 
committee has  been  able  to  stop  a  62,000- 
pound,  two-axle  tractor  and  tandem-axle 
semitrailer  in  an  average  distance  of  27%  feet, 
from  20  miles  per  hour.  There  is  every  indi- 
cation that  the  automotive  engineers  who 
cooperated  in  the  tests  have  succeeded  in 
reducing  to  a  marked  degree  the  inherent 
brake  lag. 

The  tests  of  vehicles  as  they  are  now  oper- 
ating on  the  roads  clearly  show  that  the 
per  maintenance  of  brakes  is  not  as  yet 
being  generally  accomplished,  and  that  a  more 
stringent,  enforcement  policy  is  necessary. 

The  importance  of  brakes  in  relation  to 
driver  behavior  is  emphasized  by  the  data  in 
table   3j   showing  distance,  spacing  and  time 


interval  between  cars  traveling  in  the  same 
lane.  If  the  driver  behind  has  instant  per- 
ception time  (which  is  impossible)  and  the 
average  reaction  time  of  three-fourths  of  a 
second,  and  if  his  speed  is  only  30  miles  per 
hour,  he  has  two-thirds  of  a  second  for  his 
brake  to  stop  his  car  if  the  car  ahead  stops 
suddenly.  Under  such  typical  circumstances, 
when  an  accident  occurs  do  the  driver's  brakes 
fail  to  work  or  does  the  driver  fail  to  work 
the  brakes?  The  answer  is  one  major  reason 
why  insurance  rates  are  going  up. 

THE  PARADOX  OF  DRIVER  BEHAVIOR 

"We  know  so  much  about  roads  that  is  not 
so,"  has  long  handicapped  correct,  thinking. 
We  do  know  now  much  of  driver  behavior 
that  without  positive  proof  we  think  could 
not  be  true.  For  example,  the  relationships 
of  accident  frequency  and  accident  potentials 
with  the  details  of  highway  design  have  been 
described.  The  accident  rate  on  two-lane  ru- 
ral highways  carrying  less  than  1,000  vehicles 
per  day  is  approximately  half  that  on  similar 
highways  where  the  volume  is  in  the  range  of 
8,000  or  more  vehicles  per  day.  That  is,  on 
overloaded  highways  or  underdesigned  high- 
ways the  accident  rate  increases  with  traffic 
volume.  On  such  highways,  we  would  logical- 
ly think  drivers  would  become  more  careful. 
Paradoxically,  driver  behavior  becomes  worse 
as  the  road  becomes  more  inadequate  to  carry 
safely  the  traffic  volume.  Under  conditions 
where  the  driver  should  become  more  respon- 
sible he  becomes  less  so.  Contrariwise,  evi- 
dence supports  the  conclusion  that  as  the 
standard  of  design  is  raised,  driver  perform- 
ance becomes  more  responsible.  This  obser- 
vation of  driver  behavior  undoubtedly  reflects 
the  ability  of  the  average  mind  and  nerves  to 
function  more  safely  if  tension  beyond  neces- 
sar}'  alertness  is  relieved  and  apprehension  is 
absent. 

Here  is  the  record  of  traffic  operation  that 
has  emerged  from  the  studies  on  the  Pentagon 
network  of  roads  over  the  past  6  years.  The 
system  was  designed  and  built  by  Public 
Roads  to  serve  an  estimated  population  of 
50,000  office  workers  in  the  new  defense 
establishments,  all  of  which  were  transferred 
almost  overnight  across  the  Potomac  River 
to  a  previously  unoccupied  area  in  Virginia. 
The  problem  was  to  move  the  major  part  of 
this  population  in  and  out  daily  by  motor 
vehicle  over  the  existing  three  Potomac^River 
crossings — Key  Bridge,  Memorial  Bridge,  and 
Highway  Bridge. 

Excluding  the  traffic  over  Memorial  Bridge 
which  uses  Lee  Boulevard,  and  other  traffic 
which  does  not  actually  traverse  a  portion  of 
the  17  miles  of  through  routes,  it  is  estimated 
that  there  are  now  85,000  trips  per  day  on  the 
Pentagon  system.  Including  the  traffic  on 
roads  immediately  tributary  to  the  system, 
there  are  about  110,000  trips  on  these  road- 
ways daily.  This  is  a  conservative  figure,  since 
the  three  bridges  which  the  system  serves  are 
now  carrying  an  average  traffic  of  more  than 
139,000  vehicles  per  day  and  a  peak-month 
traffic  of  149,500  vehicles  per  day.  The 
system  now  produces  about  67  million  vehicle- 


miles  of  travel  per  year.  In  the  6-year  period, 
five  fatalities  have  resulted  from  this  opera- 
tion, three  of  whom  were  pedestrians.  Only 
one  fatality  was  caused  by  a  vehicle  traveling 
at  a  relatively  high  rate  of  speed,  leaving  the 
road  and  overturning.  For  this  6-year  period 
the  accident  rate  was  1.5  fatalities  per  100 
million  vehicle-miles.  In  this  experience  lies 
the  assurance  of  what  can  be  accomplished 
through  safe  road  design,  but  the  record  of 
driver  behavior  is  the  astonishing  feature. 

During  the  war  there  was  a  speed  limit  of 
35  miles  per  hour  on  both  the  Pentagon  net- 
work and  on  the  Shirley  Highway  which  ex- 
tends southward  from  it.  The  35  m.  p.  h. 
speed  signs  were  not  removed  until  several 
months  after  the  war.  Prior  to  their  removal, 
speed  studies  were  conducted  at  several  points 
on  the  network  and  on  the  Shirley  Highway. 
These  studies  were  repeated  after  changing 
the  35  m.  p.  h.  signs  to  speed  limit  signs  of 
40  m.  p.  h.  on  the  network  and  50  m.  p.  h. 
on  the  Shirley  Highway.  Changing  the  speed 
limit  on  the  network  from  35  to  40  m.  p.  h. 
had  no  effect  on  the  average  speed,  but,  re- 
duced the  number  of  vehicles  traveling  over 
50  m.  p.  h.  by  11  percent  and  those  going  over 
40  m.  p.  h.  by  20  percent.  Changing  the 
signs  on  the  Shirley  Highway  from  35  to  50 
m.  p.  h.  reduced  the  number  of  vehicles  travel- 
ing over  50  m.  p.  h.  by  32  percent. 

On  the  through  routes  of  the  Pentagon  net- 
work, where  there  are  no  traffic  police,  no 
traffic-control  lights,  and  no  enforcement  of 
the  40  m.  p.  h.  posted  speed  limit,  the  average 
speed  is  37.6  m.  p.  h.,  and  12  percent  of  the 
vehicles  exceed  45  m.  p.  h.  On  nearby  Lee 
Boulevard,  where  safe  speeds  are  much  lower 
and  the  posted  speed  limit  of  35  m.  p.  h.  is 
enforced  by  frequent  patrolling  by  traffic 
police,  the  average  speed  during  light  traffic 
volumes  is  37.8  m.  p.  h.,  with  11  percent  of 
the  vehicles  exceeding  45  m.  p.  h.  and  36  per- 
cent exceeding  40  m.  p.  h.  Thus  on  the  net- 
work, where  drivers  can  legally  maintain  rea- 
sonable speeds  at  all  times,  they  travel  no 
faster  without  enforcement  than  they  do  on 
Lee  Boulevard,  where  safe  speeds  are  not  as 
high  and  the  normal  enforcement  is  present. 
Furthermore,  three  times  as  high  a  percent- 
age of  the  drivers  exceed  a  5  m.  p.  h.  tolerance 
of  the  posted  limit  on  Lee  Boulevard  as  on 
the  Pentagon  network. 

The  present  traffic  volume  on  the  network 
is  800  vehicles  per  hour  per  lane  at  locations 
where  three  lanes  are  available  for  movement 
in  one  direction.  At  the  principal  mixing 
lanes,  a  flow  of  1,150  vehicles  per  lane  occurs 
where  four  lanes  are  available  for  one-direction 
movement.  The  principal  mixing  lanes  are 
now  loaded  to  their  possible  capacity  at  cer- 
tain peak  periods.  Other  points  on  the  net- 
work are  loaded  to  approximately  two-thirds 
of  their  practical  safe  capacities.  All  three  of 
the  Potomac  River  bridges  are  loaded  beyond 
their  practical,  safe  capacities,  and  at  times 
the  demand  actually  exceeds  the  possible 
capacity  of  the  bridges  with  their  present 
approaches.  The  condition  will  be  relieved 
materially  by  the  completion  of  the  two  four- 
lane,  one-way  bridges  now  under  construction. 
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DESIRE  LINES  OF  TRAVEL 

In  harmony  with  the  premise  that  roads 
must  be  designed  on  a  basis  of  driver  behavior 
i-  the  relatively  new  technique  of  planning  the 
system  of  arterial  roads  to  serve  the  heavy 
flow  lines  of  metropolitan  areas  on  the  basis  of 
origin  and  destination  surveys.  These  sur- 
veys disclose  the  desire  lines  of  major  travel. 
The  pattern  which  emerges  is  that  of  a  wheel, 
usually  somewhat  distorted  in  shape,  but  es- 
sentially providing  radial  lines  from  the  urban 
center  which  are  joined  by  concentric  circles 
at  spaced  distances  from  the  center.  The 
concept  has  the  two  major  objectives  of  pro- 
viding free-flowing  arterial  routes  in  and  out 
of  the  center,  and  of  separating  through, 
longer-distance  traffic  from  local  vehicle  and 
pedestrian  interferences.  Also,  such  a  plan 
will  keep  a  high  percentage  of  the  total  traffic 
out  of  the  more  congested  center  of  the  city. 
Driver  behavior  can  be  relied  upon  to  exercise 
a  high  selectivity  of  route  if  the  facilities  pro- 
vide a  choice.  Under  such  circumstances  the 
driver  will  choose  the  route  that  will  give  him 
the  most  direct  access  to  his  destination,  but 
a(  the  same  time  will  give  him  the  shortest 
distance  of  travel  through  the  more  congested 
downtown  streets. 

The  Pentagon  system  serves  three  bridges 
across  the  Potomac  River,  leading  into  the 
downtown  streets  of  Washington.  These 
bridges  are  interconnected  by  the  system,  and 
the  driver  from  the  Virginia  suburban  dis- 
tricts had,  until  the  bridges  became  so  con- 
gested  as  they  are  today,  a  choice  among  the 
bridges  of  that  route  which  would  require  him 
to  travel  the  least  distance  on,  or  would  keep 
him  off,  the  congested  downtown  city  streets. 
The  degree  to  which  he  accomplished  this 
purpose  without  any  imposed  controls  is 
amazing,  as  is  shown  by  the  data  in  table  9. 
The  actual  distribution  is  representative  of 
the  free  choice  of  traffic  between  origins  and 
destinations  during  a  period  when  the  traffic 
volumes  were  relatively  low  and  there  was  not 
sufficient  congestion  on  the  bridges  to  alter 
the  desired  usage. 

A  study  of  the  origins  and  destinations  of 
traffic  using  the  three  bridges  indicates  that 
the  slight  percentage  differences  between  the 
shortest  routes  and  the  actual  routes  used 
probably  resulted  from  traffic  routing  itself. 


Table  9. — Distribution  of  traffic  on  the 
Potomac  River  bridges 


Bridge 

Actual 
distribution 

Calcu- 
lated 
shortest- 
route 
distri- 
bution ' 

Aug.  16, 
1944 

Sept.  1, 

1943  to 

Aug.  31, 

1944 

Highway  Bridge 

Memorial  Bridge 
Key  Bridge 

Percent 
41.8 
33.0 
25.2 

Percent 
42.6 
31.5 
25.9 

Percent 
40.2 
32.7 
27.1 

Total 

100.0 

Klll.ll 

100.0 

1  Assumed  usage  of  shortest  route  between  origin  and  des- 
tin;ition. 


in  its  use  of  the  three  bridges,  to  the  bridge 
that  would  permit  the  shortest  travel  distance 
on  the  Washington  central  city  streets. 

HIGHWAY  SYSTEM  PLANNING 

Finally,  this  discussion  is  directed  to  the 
essentials  of  today's  program  of  highway  im- 
provement. Since  1934 — nearly  one  and  one- 
half  decades — the  State-wide  highway  plan- 
ning surveys  have  been  accumulating  the 
facts  of  the  amount  and  characteristics  of  the 
traffic  use  of  our  highways.  State  by  State, 
undoubtedly  more  is  known  about  the  high- 
ways, their  use,  and  their  needs,  than  about 
any  other  major  public  undertaking.  Until 
recently  this  wealth  of  material  had  not  been 
generally  analyzed  and  organized  to  serve 
its  most  important  purpose  as  conceived  when 
the  surveys  were  started.  In  1945  the  Cali- 
fornia State  Legislature,  recognizing  the  need 
for  a  long-range  highway  improvement  plan, 
established  a  study  committee  to  organize 
the  available  material  and  to  secure  new  data 
necessary  to  bring  together  a  complete  engi- 
neering and  economic  report.  The  completion 
of  the  report,  the  legislative  recommenda- 
tions, the  legislative  debate,  and  the  adoption 
of  the  major  recommendations,  are  now  a  part 
of  the  State's  highway  history.  California 
has  a  well-rounded,  long-term,  modern  high- 
way improvement  program.  With  this  suc- 
cessful guide,  many  other  States  have  now  in 
active  operation  legislative  study  committees, 
which,  with  the  competent  technical  assistance 
of  the  Automotive  Safety  Foundation,  are 
maturing  long-range  programs  of  comparable 


caliber.  The  planning  is  designed  to  serve 
both  economic  needs  and  safety  of  use.  Since 
the  future  reduction  in  highway  fatality  toll, 
as  has  been  shown,  will  depend  so  largely 
upon  safer  roads,  no  effort  by  the  Foundation 
can  result  in  a  greater  contribution  to  highway 
safety. 

There  are  also  implications  of  vehicle  de- 
sign that  can  be  well  heeded.  For  example, 
it  is  certain  the  driver  needs  to  have  a  better 
sight  of  the  right-hand  edge  of  the  road. 
Protective  bumpers,  front  and  rear,  capable 
of  absorbing  shock,  are  needed  in  place  of 
expensive  grillage  which  is  going  to  suffer 
more  in  the  future  than  in  the  past.  Roads 
cannot  be  designed  to  prevent  accidents 
caused  by  drivers  following  too  closely,  which 
are  likely  to  involve  a  series  of  cars.  Also,  is 
it  not  time  to  forget  the  emphasis  on  minor 
over-speeds  of  the  decent  driver  and  concen- 
trate on  the  driver  who  by  his  behavior  creates 
accident  hazards?  The  driver  who  passes  in 
a  no-passing  zone,  who  parks  his  vehicle  on 
the  pavement,  and  who  crowds  the  other  fel- 
low's lane  is  a  killer.  Why  not  take  him  off 
the  road? 

The  purely  routine  speed  checking  is  .as 
futile  and  wasteful  of  enforcement  officers' 
time  and  ability  as  is  their  detail  to  check  on 
overtime  parking,  both  of  which  only  result 
in  congestion  in  the  traffic  courts  on  matters 
having  a  minimum  relation  to  real  traffic 
safety.  We  need  the  time  of  the  traffic 
officers  and  of  the  courts  to  take  the  dangerous 
driver  off  the  roads.  Only  a  very  small  per- 
centage of  drivers  habitually  disregard  the 
rules  of  safe  driving. 

This  matter  of  driver  behavior  goes  very 
deep.  It  involves  a  psychology  that  may 
well  be  inherent  in  a  people  who  have  been, 
and  are  capable  of,  building  and  running  the 
outstanding  democracy  of  the  world.  It  is 
the  essence  of  the  spirit  of  freedom  which 
revolts  against  unfair  or  unreasonable  restric- 
tions but  which  is  tempered  in  the  large  ma- 
jority to  support  of  the  public  welfare.  So 
it  seems  reasonable  to  accept  the  pattern 
established  by  the  behavior  of  the  decent- 
majority  and  deny  the  freedom  of  the  road 
to  the  violator  of  this  pattern.  Safety  of  the 
highways  is,  as  democracy  is,  a  matter  of 
cooperation  and  coordination. 


For  each  1,000  trucks  and  truck  combina- 
tions, the  number  of  axles  weighing  more  than 
the  recommended  limit  was  42  in  the  Pacific 
region,  146  in  the  Middle  Atlantic  region,  and 
108  in  the  New  England  region.  For  truck 
combinations,  corresponding  figures  are  114  for 
the  Pacific  region,  500  for  the  Middle  Atlantic 
region,  and  449  for  the  New  England  region. 
Eliminating  the  empty  vehicles,  there  were  in 
the  Middle  Atlantic  and  New  England  regions 
about  two  axle  loads  in  excess  of  the  recom- 
mended limit  for  each  three  loaded  truck 
combinations. 

Table  14  shows  the  number  of  vehicles  per 
1,000  vehicles  of  various  types  with  an  axle- 
group  load  in  excess  of  the  limits  recommended 


(Continued  from  page  153.     Tables  14  and  15  are  on  page  155.) 

by  the  A.  A.  S.  H.  O.,  and  in  excess  of  these 
limits  by  various  percentages.  For  the  country 
as  a  whole,  of  each  1,000  loaded  and  empty 
trucks  and  truck  combinations,  25  had  axle- 
group  loads  weighing  in  excess  of  the  recom- 
mended limits,  12  of  which  exceeded  the 
limits  by  over  10  percent.  It  was  the  truck 
combinations  rather  than  the  single-unit 
trucks  that  produced  the  high  load  concentra- 
tions since  of  each  1,000  combinations,  89  had 
axle-group  loads  weighing  more  than  the 
recommended  limits,  of  which  46  exceeded  the 
limits  by  more  than  10  percent. 

Many  vehicles  were  so  loaded,  of  course, 
that  they  exceeded  more  than  one  recom- 
mended weight  limit;    and  some  vehicles  had 


several  axle  loads  weighing  more  than  the 
recommended  limits.  Counting  each  vehicle 
only  once,  regardless  of  the  number  of  partic- 
ulars in  which  it  exceeded  the  recommended 
limits,  table  15  shows  the  number  of  vehicles 
per  1,000  (both  loaded  and  empty  included) 
of  each  type  that  exceeded  the  limits  by 
various  percentages.  Those  vehicles  which 
exceeded  more  than  one  provision  of  the 
recommended  restrictions  were  tabulated  in 
the  column  showing  the  highest  percentage 
excess  for  any  item.  In  the  United  States  as 
a  whole,  59  vehicles  out  of  every  1,000  were 
overloaded  to  some  degree  and  15  out  of  every 
1,000  exceeded  some  one  of  the  provisions  by 
more  than  20  percent. 
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The  Effect  of  Tax  Increases 
on  Gasoline  Consumption 


The  possible  effeet  of  increases  in  State 
gasoline- tax  rates  on  the  use  of  highways 
has  always  been  a  matter  of  concern  to  high- 
way administrators  and  highway  users. 
This  article  describes  a  study  of  the  prob- 
lem, considering  tax-rate  changes  and  their 
effects  on  gasoline  consumption  and  motor- 
vehicle  travel  during  the  period  January 
1946- July  1948. 

From  an  analytical  standpoint,  one  of  the 
principal  difficulties  encountered  was  the 
fact  that  there  were  parallel  and  much 
greater  increases  in  the  sale  price  of  gaso- 
line, excluding  tax.  The  largest  tax  increase 
in  any  State  in  the  30-month  period  under 
study  was  2  cents,  while  the  smallest  price 
increase  was  3.5  cents.  There  were  tax  in- 
creases in  only  12  States,  but  there  were 
price  increases  in  all  States.  Considerable 
fluctuation  in  gasoline  sales  was  caused  by 
"stocking  up"  just  prior  to  the  effective 
date  of  tax  increases,  with  a  consequent  re- 
duction in  inventories  immediately  there- 
after, thus  creating  the  impression  that  the 
tax  increase  had  reduced  the  consumption 
of  gasoline. 

It  was  found  that  consumption  of  gasoline 
in  States  where  there  were  tax  increases  was 
similar  in  pattern  to  that  in  adjacent  States 
where  the  tax  was  not  increased.  The  in- 
creases in  State  gasoline  tax  rates,  while 
causing  substantial  fluctuations  in  the  sales 
of  gasoline  at  the  point  at  which  it  is  taxed 
(the  distributors,  in  most  States),  did  not 
measurably  affect  net  gasoline  consump- 
tion. Sales  price  increases,  since  they 
received  no  advance  publicity,  had  no 
apparent  effect  at  all. 

It  is  reasonably  clear  that  at  present  price, 
wage,  and  employment  levels,  the  demand 
for  gasoline  is  so  inflexible  that  no  price  or 
tax  increases  within  reasonable  contempla- 
tion tvill  increase  the  total  price  to  the  con- 
sumer to  the  point  where  it  will  measurably 
affect  the  demand  for  highway  gasoline. 

From  July  1,  1948,  the  close  of  the  period 
covered  by  this  study,  to  February  1,  1949, 
there  Were  further  net  increases  in  the  retail 
price  of  gasoline  in  35  Slates,  ranging  from 
0.1  to  1.5  cents;  and  two  decreases  of  0.1 
and  0.2  cent.  There  were  no  increases  in 
gasoline  taxes. 


THE  FLEXIBILITY  of  the  demand  for 
gasoline  is  a  problem  that  has  long  con- 
cerned highway  economists  and  highway  ad- 
ministrators. Stated  in  its  simplest  terms, 
the  question  is  "do  changes  in  the  cost  of 
gasoline  to  the  consumer  affect  the  quantity 
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of  gasoline  used  on  the  highway?"  The  ques- 
tion is  particularly  important  at  this  time. 
Many  States  have  found  that  their  current 
revenues  from  gasoline  taxes — the  revenues 
that,  in  large  part,  determine  their  ability 
to  build  and  maintain  an  adequate  highway 
system — are  insufficient  to  construct  and 
maintain  highways  to  modern  service  and 
safety  standards. 

Since  January  1,  1946,  there  have  been  12 
increases  in  State  gasoline  tax  rates.  There 
has  also  been  one  decrease — a  temporary  2- 
cent  tax  in  Oklahoma  expired  on  January  1, 

1947.  The  increases  in  State  gasoline  taxes 
are  shown  in  table  1. 

The  purpose  of  this  study  was  to  determine, 
if  possible,  whether  these  changes  in  State 
gasoline-tax  rates  have  affected  the  consump- 
tion of  gasoline  on  the  highways.  The  study  is 
based  entirely  on  the  30-month  period  from 
January  1946,  through  June  1948,  and  the 
discussion  covers  that  period  unless  otherwise 
specified.  The  gasoline  consumption  and 
traffic  comparisons  made  are  all  for  the  1947- 
1946  and  1948-1947  relationships.  Kansas  and 
Virginia  increased  their  tax  rates  from  3  to  4 
cents  and  from  5  to  6  cents,  respectively,  in 
1946,  but  since  comparisons  of  relative  changes 
in  these  two  States  would  have  necessitated 
use  of  1945  data  for  periods  in  which  gasoline 
rationing  was  still  in  effect,  these  two  States 
were  omitted  from  the  study  insofar  as  the 
effects  of  their  1946  gasoline-tax  rate  increases 
are  concerned.  The  Louisiana  tax  rate  in- 
creased from  7  to  9  cents  per  gallon  on  June  7, 

1948,  but  sufficient  data  are  not  yet  available 
to  permit  a  full  evaluation  of  the  effects  of  that 
change.  It  is  felt,  however,  that  this  study, 
based  on  the  1947  and  1948  changes  in  State 
tax  rates,  has  a  sufficiently  broad  base  to 
justify  its  conclusions. 

The  principal  difficulty  encountered  in  this 
study  was  the  fact  that  gasoline  prices,  exclud- 
ing tax,  increased  rather  sharply  during  the 
period  under  study,  and  in  all  cases  the  price 
increases  were  more  than  twice  the  amount  of 
the  increases  in  the  tax  rate. 

In  this  article  the  word  "price",  unless 
otherwise  noted,  means  the  observed  retail 
price  of  "regular"  grade  gasoline,  excluding  the 
State  tax.  These  prices  were  obtained  for 
the  District  of  Columbia  and  for  the  capital 
city  of  each  State,  except  in  Maryland  and 
Oregon,  for  which  Baltimore  and  Portland 
prices  were  used.  Since  gasoline  prices  fall 
within  a  relatively  narrow  range  in  any  area, 
it  is  felt  that  these  prices  are  fairly  represen- 
tative. The  gasoline  consumption  data  used 
are  from  Public  Roads  analyses  of  motor-fuel 
consumption,  which  in  turn  are  based  on 
reports  received  from  the  State  authorities. 
The  traffic  data  were  obtained  from  automatic 
traffic  recorders  located  principally  on  rural 
roads  in  each  State.  Since  the  number  of 
these  recorders  is  limited,  and  comprehensive 
urban  traffic  information  is  not  available,  the 
data  obtained  from  them  for  any  one  State 
must  be  considered  as  indicative  rather  than 
as  an  absolute  measurement.  The  State-by- 
State  traffic  figures  were,  however,  sufficiently 
uniform  and  consistent  with  the  gasoline  con- 
sumption data  to  warrant  their  use  in  the 


Table  1. — Increases  in  State  gasoline  taxes, 
January  1,  1946- July  1,  1948 


State 

Tax  rate 

Effective  date 
of  change 

Old 
rate 

New 
rate 

In- 
crease 

Kansas ... 

Cents 
3 
5 
4 
4 
3 
4 
3 
3 
4 

3 

5 

7 

Cents 
4 
6 
6 

4.5 
4 
6 

4.5 
4 
5 

4 

7 
9 

Cents 
1 
1 
2 
.5 
1 
2 

1.5 
1 
1 

I 
2 
2 

Mar.    1, 1940 
June  19,1940 
Apr.     1, 1947 
May    1. 1947 
Mav  28. 1947 
June    1, 1947 
July     1,1947 
July     1. 1947 
July      1. 1947 

Aua.     1, 1947 
Apr.     1,1948 
June     7, 1948 

Virginia 

Colorado 

Vermont 

Rhode  Island 

Maine 

California 

Connecticut.. . 

Maryland 

Dist.  of  Colum- 
bia  

Kentucky 

Louisiana...     ... 

study.  There  is  a  probability  that  rural 
traffic  in  the  period  increased  slightly  more 
than  urban  traffic,  but  it  does  not  appear  that 
this  could  have  been  sufficient  to  make  a 
significant  difference  in  the  findings. 

PRICE    RISES    EXCEEDED    TAX 
INCREASES 

The  January  1,  1946,  price  of  regular  gaso- 
line and  the  State  tax  rates  in  effect  on  that 
date  are  given  in  table  2.  This  table  shows  the 
month-by-month  changes  in  prices  and  taxes 
that  took  place  between  January  1,  1946,  and 
July  1,  1948,  and  gives  a  summary  of  the 
cumulative  amounts  of  those  changes.  The 
price  increases  in  each  case  represent  the 
increase  in  the  reported  price  on  the  first  day 
of  the  month  over  the  reported  price  on  the 
first  day  of  the  month  preceding;  thus,  the 
increases  shown  for  August  are  the  amounts 
by  which  August  1  prices  exceeded  July  1 
prices.  The  changes  in  tax  rates  are  listed 
under  the  month  in  which  they  occurred,  since 
the  exact  dates  are  known. 

There  were  two  gasoline-tax  rate  changes 
in  1946 — Kansas  and  Virginia  each  increased 
their  tax  rates  1  cent.  Between  July  1  and 
September  1  of  the  same  year  the  gasoline 
prices  in  36  States  were  increased  the  same 
amount  or  more,  and  between  December  1, 
1947,  and  January  1,  1948,  there  was  a  sub- 
stantial price  increase  in  every  State.  The 
smallest  of  these  increases  was  0.9  cent  and 
the  largest  was  2.5  cents.  The  latter  increase 
occurred  in  Iowa,  and  it  is  worth  noting  that 
it  was  attended  by  nowhere  near  the  publicity 
that  had  been  accorded  the  increase  of  1  cent 
in  the  State's  tax  rate  that  occurred  in  1945. 
In  addition  to  the  Iowa  price  increase  of  2.5 
cents,  there  were  price  increases  of  2  cents  per 
gallon  or  more  in  17  other  States  between 
November  1,  1947,  and  January  1,  1948. 
During  the  period  in  which  most  of  the  tax 
increases  occurred — April  1  through  July  1, 
1947 — there  were  relatively  few  increases  in 
the  price  of  gasoline.  This,  of  course,  had  a 
tendency  to  silhouette  the  tax  changes  and 
they  received  a  considerable  amount  of 
unfavorable    publicity. 

Figure  1  shows  the  increases  in  gasoline 
taxes  and  the  price  increases  in  the  period 
under  study.  As  may  be  seen  in  the  upper 
map,  there  was  no  geographic  concentration 
in  the  tax  increases.     It  is  worth  mentioning, 


however,  that  beginning  with  Massachusetts, 
New  York,  and  New  Jersey,  and  continuing 
westward  through  the  populous  and  highly 
developed  North  Central  and  Central  States, 
the  3-cent  and  4-cent  taxes  in  that  area 
remained  lower  than  the  rates  generally  in 
effect  throughout  other  parts  of  the  country. 
It  is  in  this  group  of  States  that  the  greatest 
agitation  for  toll  roads  is  found.  The  tre- 
mendous latent  opposition  to  increases  in  the 
gasoline-tax  rates  in  these  States  has  probably 
contributed  a  great  deal  towards  forcing  the 
proponents  of  high-standard  highways  to  turn 
to  toll  roads  as  the  only  alternative  offering 
some  chance  of  obtaining  modern  highways 
within  a  relatively  short  period  of  time.  This 
rigidity  in  the  gasoline-tax  rates  in  the  area  is 
encouraging  support  for  toll  roads  that  would 
have  approximately  the  same  economic  effect 
on  the  user  as  15  to  19  cents  per  gallon  gaso- 
line-tax rates  on  certain  types  of  traffic. 

Although  it  can  be  observed  from  the  upper 
map  in  figure  1  that  there  was  no  geographic 
significance  to  the  increases  in  the  State 
gasoline-tax  rates,  the  lower  map  in  the  figure 
shows  a  remarkable  concentration  of  the 
larger  price  increases  beginning  with  the 
North  Central  States  and  continuing  as  far 
west  as  Idaho  and  southwest  to  New  Mexico. 
In  fact,  the  very  large  increases  in  the  price  of 
gasoline  in  many  States  exceeded,  in  total  cost 
to  the  consumer,  the  combined  price  and  tax 
increases  in  other  States.  In  Oklahoma, 
where  there  was  a  decrease  of  2  cents  in  the 
tax  rate  during  the  period,  the  price  of  gasoline 
increased  8  cents  per  gallon,  resulting  in  a  net 
increase  in  cost  to  the  consumer  of  6  cents  per 
gallon. 

PRICE    RISES    GREATER    WHERE    TAX 
WAS  UNCHANGED 

The  difficulty  of  determining  the  effect  of 
gasoline-tax  increases  was  accentuated  by  the 
fact  that  the  average  price  increases  in  the 
States  in  which  there  were  also  tax  increases 
was  4.53  cents  per  gallon,  whereas  in  the 
States  where  the  tax  remained  the  same 
throughout  the  period,  the  price  of  gasoline 
was  increased  an  average  of  5.61  cents  per 
gallon.  The  more  than  1-cent-per-gallon 
greater  average  increase  in  price  in  the  States 
in  which  there  were  no  tax  increases  imposed 
an  additional  burden  on  consumers  that,  in 
theory  at  least,  would  have  the  same  restrain- 
ing effect  as  the  tax  increases,  thus  making  it 
difficult  to  determine  the  economic  effects  of 
tax  increases.  The  greater  price  increases  in 
the  States  that  did  not  have  tax  increases 
might  possibly  have  been  explained  by  eco- 
nomic factors  in  fields  not  explored  during  the 
study.  However,  available  data  and  facili- 
ties made  impractical  an  effort  to  isolate  such 
factors.  Furthermore,  it  did  not  seem  that 
additional  investigation  on  this  point  would 
make  a  material  contribution  toward  the 
objective  of  determining  whether  State  gaso- 
line-tax rates  had  affected  highway  gasoline 
consumption. 

Figure  2  shows  for  each  State  the  total 
price  and  tax  changes  in  the  30-month  period. 
There  was  one  decrease  in  tax  rate  and  there 
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INCREASE    IN   STATE   TAX   RATE        ■■   INCREASE   IN    PRICE    EXCLUDING  STATE  TAX 
Figure  2. — Gasoline  price  and  tax  increases,  January  1,  1946— July  1,  1948. 


were  no  decreases  in  price.  The  increases  in 
tax  rates  ranged  from  0.5  cent  per  gallon  in 
Vermont  to  2  cents  per  gallon  in  Colorado, 
Kentucky,  Louisiana,  and  Maine;  and  the 
increases  in  price  ranged  from  3.4  cents  per 
gallon  in  South  Carolina  and  West  Virginia  to 
8.1  cents  per  gallon  in  Minnesota. 

Table  3  shows  the  relative  changes  in  sales 
of  gasoline  for  use  on  highways,  and  the 
changes  in  traffic,  for  the  2  months  prior  to 
the  month  in  which  the  change  in  tax  rate 
took  place,  the  month  in  which  the  tax  rate 
took  effect,  and  the  following  2  months.  The 
figures  given  show  the  changes,  in  percent,  of 
1947  sales  and  traffic  compared  to  the  same 
months  of  194G  in  all  cases  except  for  Kentucky 
and  Louisiana.  The  latter  two  States  in- 
creased their  taxes  in  1948,  and  the  compari- 
sons are  therefore  of  1948  data  to  those  for 
1947.  Louisiana  is  omitted  from  table  3 
because  the  tax  change  there  was  so  recent 
that  sufficient  data  were  not  available  at  the 
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time  the  study  was  made.  The  Rhode  Island 
tax  increase  from  3  to  4  cents  took  effect 
May  28,  and  for  practical  purposes  was 
treated  in  this  study  as  if  it  had  taken  place 
in  June.  « 

Within  each  group  in  table  3,  the  State  in 
which  the  tax  increase  occurred  is  listed  first, 
followed  by  adjoining  States  in  which  there 
were  no  changes  in  tax  rates.  One  exception 
to  this  is  the  inclusion  of  Vermont  for  com- 
parison with  Maine.  There  was  a  half-cent- 
per-gallon  increase  in  the  Vermont  tax  on 
May  1,  1947,  but  rt  was  felt  that  this  increase 
did  not  destroy  the  validity  of  the  comparison 
since  the  Maine  tax  increase  a  month  later 
was  2  cents  per  gallon.  It  was  not  expected 
that  the  half-cent  increase  in  the  Vermont 
tax  would  be  reflected  in  gasoline  sales,  and 
the  State  therefore  was  not  set  out  in  a  sepa- 
rate grouping;  but  the  table  does  show  a  very 
noticeable  fluctuation  in  Vermont  highway 
gasoline  sales. 


PUBLICITY  ON  TAX  INCREASES 
INDUCES  "LOADING  UP" 

Although  any  economic  effects  of  gasoline- 
tax  increases,  as  well  as  price  increases,  must 
be  continuing,  it  seemed  a  reasonable  assump- 
tion at  the  time  the  study  was  undertaken 
that  the  impact  of  a  tax  increase,  reflected  in 
the  increased  cost  to  the  consumer,  would  be 
distinguishable  in  the  demand  for  gasoline  at 
the  time  the  tax  was  imposed.  This  seemed 
especially  likely  because  of  the  very  great  pub- 
licity given  to  the  tax  increases.  The  signifi- 
cance of  table  3  therefore  lies  more  in  the 
month-by-month  figures  than  in  the  totals  for 
the  5-month  periods  bracketing  the  tax  in- 
creases. A  very  noticeable  "loading  up" 
can  be  observed  in  the  months  prior  to  the  tax 
increases,  coupled  with  a  reduction  in  inven- 
tories in  the  month  of  change  and  the  succeed- 
ing month.  Rhode  Island  appears  to  be  an 
exception,  but  this  probably  was  the  result  of 
a  combination  of  factors :  Gasoline  sales  in  the 
same  month  of  the  prior  year  were  abnormally 
low;  Rhode  Island  is  a  small  State  whose  high- 
ways carry  a  relatively  high  proportion  of 
interstate  traffic;  and  the  tax  rate  before  the 
increase  was  only  3  cents.  Furthermore,  it 
should  be  noted  that  Rhode  Island  traffic  in 
the  month  in  which  the  change  took  place  was 
up  17.4  percent  over  the  same  month  of  the 
prior  year,  and  in  the  month  following  was  up 
more  than  40  percent;  but  it  is  also  possible 
that  the  traffic-recorder  data  in  this  instance 
did  not  accurately  reflect  actual  changes  in 
traffic. 

The  gasoline  tax  is  imposed  on  the  "first 
sale"  in  most  States.  Consequently,  the  taxed 
sales  given  in  table  3  reflect  any  changes  in 
distributors',  retailers',  and  consumers'  in- 
ventories and  do  not  necessarily  reflect  the 
month  of  the  use  of  gasoline  on  the  highways 
by  the  ultimate  consumer.  (The  gasoline 
consumption  data  in  table  4,  however,  have 
been  adjusted  to  the  month  of  consumption, 
and  in  this  respect  differ  from  those  in  table  3.) 

In  most  States  the  tax  on  gasoline  applies  to 
distributors'  in-shipments,  and  in  the  remain- 
ing States  to  distributors'  sales.  The  dates  of 
tax  increases  are  known  in  advance  and  there 
appears  to  be  a  strong  tendency  to  utilize  all 
storage  capacity  immediately  prior  to  the  tax 
increases.  Although  tax  increases  are  fre- 
quently accompanied  by  "floor  taxes,"  im- 
posing the  additional  tax  on  inventories,  these 
increased  inventories  reveal,  to  a  degree,  the 
hope  of  somehow  avoiding  the  tax.  Un- 
doubtedly this  "loading  up"  takes  place 
throughout  the  supply  channels,  including 
retail  outlets,  and  probably  includes  a  con- 
siderable amount  of  gasoline  sold  to  consumers 
who  purchase  in  bulk.  In  Maine,  for  in- 
stance, the  May  1947,  sales  of  gasoline  for 
highway  use  exceeded  those  of  May  1946,  by 
28.3  percent,  but  gasoline  sold  in  June,  the 
month  of  the  tax  change,  was  11.5  percent 
less  than  in  the  same  month  of  1946.  Traffic, 
on  the  other  hand,  was  8  percent  greater  in 
May  1947,  and  9.8  percent  greater  in  June. 
The  9.8  percent  increase  in  June  1947,  over 
June  1946,  was,  as  a  matter  of  fact,  greater 
than  in  the  adjoining  States  of  New  Hamp- 
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Table  3.— Percentage  changes  in  highway  gasoline  sales  and  traffic  in  year  of  tax  increase  from  same  months  of  prior  year 


Month  in 
which  tax 
was  in- 
creased 


Apr.    1947( 


June   19471 


July    1947 


Aug.   1947 


Apr.    1948< 


State 


Colorado. 

Oklahoma 

Utah 

Wyoming...i... 
Group  total.  _. 

U.  S.  total.... 

Maine.. 

New  Hampshire 

Vermont 

Group  total.  _. 

Rhode  Island 

Massachusetts. .. 

New  Jersey 

New  York 

Group  total... 

U.  S.  total 

California 

Nevada 

Oregon 

Washington 

Group  total. .. 

Connecticut 

Massachusetts... 

New  Jersey 

New  York 

Group  total.   . 

Maryland 

Delaware 

Pennsylvania 

Virginia 

Group  total... 

V.  S.  total 

Dist.  of  Columbia  . 

Delaware 

Pennsylvania 

Virginia. 

Group  total... 

U.  S.  total 

Kentucky 

Ohio 

Tennessee 

West  Virginia. . . 
Group  total... 

U.  S.  total 


Second  preceding 
month 


Highway 

gasoline 

sales 


+14.7 
+12.9 
+15.9 
+19.6 
+14.3 

+11.6 

+10.3 
+1.0 

+  14.4 
+8.5 

+2.9 
+5.5 
+5.5 
+1.9 
+3.5 

+3.5 

+3.1 

+5.6 

+  14.7 

+6.3 

+4.9 

+10.5 
+6.9 
+7.8 
+7.7 
+7.8 

+16.2 
+7.3 
+8.3 

+13.4 

+  10.3 

+  12.5 

+10.4 
+8.1 
+  12.4 
+10.7 
+11.7 

+13.8 

+0.1 
+20.  7 

+1.1 
+  13.4 
+  13.3 


Traffic 


+0.5 
+2.0 
+5.6 
+4.0 
+2.0 

+8.8 

+5.3 
+6.3 
+7.6 
+6.1 

+7.2 
+8.9 
+14.8 
+8.5 
+9.8 

+9.7 

+8.0 
+6.1 
+9.1 
+4.6 

+7.5 

+  11.1 

+  11.6 

+  10.4 

+8.2 

+9.4 

+  10.8 
+19.3 
'+8.7 
+  10.7 
+  10.3 

+10.6 

+5.3 
+22.2 
+  10.8 
+  13.9 
+  11.2 

+  11.3 

+21.1 
+12.6 
+  7.5 
+  14.0 
+  13.4 


+6. 2        +5.  5 


Preceding  month 


Highway 

gasoline 

sales 


+19.1 
+11.5 
+15.1 
+21.9 
+15.2 

+7.1 

+28.3 
+8.0 
-3.1 

+16.0 

+4.4 
+6.9 

+7.8 
+7.7 

+7.4 

+  12.5 

+18.1 
+13.8 
+11.1 

+  10.5 
+  16. 1 

+21.8 
+9.8 

+  12.3 
+8.9 

+11.1 

+19.6 
+8.1 
+  12.4 
+  10.7 
+12.9 

+13.8 

+16.3 
+6.7 
+4.8 

+  11.2 
+6.9 

+7.4 

+44.0 

+12.3 

+7.6 

+27.4 
+  17.6 

+10.9 


Traffic 


+6.4 
+2.2 
+11.1 
+13.6 
+5.2 

+6.0 

+8.0 
+10.8 
+10.4 

+9.2 

+16.4 
+11.6 
+10.4 
+8.2 
+9.5 

+10.6 

+6.1 

+10.2 

+14.1 

+7.1 

+7.4 

+13.1 

+6.8 

+8.0 

+14.1 

+11.7 

+11.3 
+22.2 
+  10.8 
+13.9 
+12.5 

+11.3 

+9.3 
+18.8 
+12.1 
+  13.9 
+12.7 

+11.7 

+38.5 
+14.9 
+16.7 
+23.6 
+20.7 

+7.9 


Month  of  change 


Highway 

gasoline 

sales 


-2.9 

+2.1 
+4.2 
+7.5 
+1.4 

+3.5 

-11.5 

+  10.4 

+12.2 

-0.5 

+12.0 
+9.8 

+12.3 
+8.9 

+10.0 

+13.8 

+  1.2 
+  14.1 
+15.8 

+9.1 

+4.2 

-0.3 
+4.1 
+2.1 
+  10.8 
+6.5 

+  1.2 
+6.7 
+4.8 
+11.2 
+5.7 

+7.4 

+5.4 
+2.4 
+7.2 
+0.5 
+5.4 

+8.0 

-5.5 
+11.7 
+  11.1 
+24.2 
+10.2 

+10.6 


Traffic 


+5.9 
+6.8 
+6.7 
+5.5 
+6.4 

+9.7 

+9.8 
+5.0 
+7.1 
+8.0 

+17.4 
+6.8 
+8.0 
+14.1 
+11.7 

+11.3 

+4.5 
+11.3 
+  17.5 
+2.2 
+6.0 

+15.6 
+  7.5 
+  11.0 
+22.0 
+17.3 

+8.4 
+  18.8 
+  12.1 
+13.9 
+12.3 

+11.7 

+4.2 
+17.3 
+12.1 
+  14.5 
+12.4 

+10.9 

+21.1 

-0.4 

+  14.9 

+  7.4 
+7.0 

+7.9 


Following  month 


Highway 

gasoline 

sales 


+3.3 
+9.1 
-0.8 
+8.6 

+5.7 

+12.5 

+4.5 
+8.8 
+6.7 
+6.2 

+12.5 
+4.1 
+2.1 

+  10.8 

+  7.4 

+  7.4 

+  11.4 
+6.6 

+7.5 
+4.7 
+9.8 

+6.7 
+12.6 
+8.0 
+8.2 
+8.8 

+3.7 
+2.4 
+7.2 
+0.5 
+5.2 

+8.0 

+11.7 
+9.1 
+13.4 
+  12.4 
+  13.0 

+13.7 

+  11.6 
+  17.1 
+24.6 
+24.9 
+18.3 

+5.0 


Traffic 


+8.5 
+2.9 
+13.5 
+9.2 
+6.1 

+10.6 

+9.7 

+  12.0 

+6.2 

+9.4 

+40.7 
+7.5 
+11.0 
+22.0 
+18.2 

+11.7 

+5.3 
+12.3 
+19.6 
+6.5 
+7.5 

+16.3 
+13.8 
+13.2 
+9.0 
+11.1 

+8.4 
+  17.3 
+  12.1 
+14.5 
+12.4 

+10.9 

+3.9 

+5.4 
+  10.4 
+7.7 
+8.4 

+8.3 

+21.4 
+5.2 

+11.8 
-1.5 
+8.3 

+8.4 


Second  following 
month 


Highway 

gasoline 

sales 


+7.9 
+11.5 

+9.9 
+19.2 
+10.9 

+13.8 

+7.9 

+li:4 

+8.6 

+9.1 

+8.7 
+12.6 
+8.0 
+8.2 
+9.0 

+8.0 

+17.3 
+7.8 

+10.4 
+7.4 

+14.9 

+12.1 
+8.0 
+21.1 
+16.4 
+15.3 

+7.8 

+9.1 

+13.  4 

+12.4 

+12.3 

+13.7 

+6.6 

+9.5 

+13.0 

+28.0 

+15.5 

+11.1 

+12.3 
+5.0 
-4.3 
+9.0 
+4.9 

0) 


Traffic 


+12.3 

+7.5 
+  10.8 
+12.5 

+9.7 

+11.3 

+13.0 
+15.1 
+12.9 
+13.5 

+26.1 

+13.8 

+  13.  2 

+9.0 

+  11.1 

+  10.9 

-2.2 
+12.5 
+12.9 
+4.7 
+  1.2 

+12.1 
+8.1 
+9.1 

+5.8 
+7.2 

+3.0 
+5.4 
+10.4 
+7.7 
+8.1 

+8.3 

+18.4 
+11.3 
+15.0 
+  10.2 
+13.1 

+8.9 

+20.7 
+10.7 
+13.6 
+  10.7 
+  12.9 

+  7.1 


Total,  5  months 


Highway 

gasoline 

sales 


+8.1 
+9.3 
+8.2 
+14.8 
+9.2 

+9.7 

+7.6 
+8.4 
+7.5 

+7.8 

+8.2 
+7.8 
+7.1 
+7.7 
+  7.6 

+9.0 

+10.1 
+9.6 

+11.8 
+7.5 
+9.9 

+9.9 
+8.2 
+9.8 
+10.3 
+9.8 

+9.4 
+6.6 
+9.0 
+9.4 
+9.1 

+11.0 

+  10.0 
+7.0 
+  10.0 
+11.9 
+10.3 

+  10.7 

+12.4 
+12.8 
+8.1 
+19.4 
+12.5 

(') 


Traffic 


+7.0 
+4.4 
+9.8 
+9.2 
+6.1 

+9.4 

+9.4 
+10.4 
+8.9 
+9.5 

+22.6 
+9.8 
+11.1 
+12.7 
+12.3 

+10.9 

+4.1 
+  10.6 
+  14.8 
+5.0 
+5.9 

+13.8 
+9.5 
+  10.3 
+11.8 
+11.3 

+8.3 
+16.9 
+10.9 
+12.1 
+11.1 

+10.6 

+6.0 
+  15.5 
+  12.2 
+12.1 
+  11.6 

+  10.2 

+24.3 
+8.2 

+  12.9 
+9.8 

+12.2 

+7.4 


1  Data  not  available  at  time  this  table  was  prepared. 


shire  and  Vermont,  where  increases  of  5.0 
percent  and  7.1  percent,  respectively,  were 
experienced.  In  Connecticut,  gasoline  sold 
for  highway  use  in  June  1947,  exceeded  that 
for  June  1946,  by  21.8  percent,  but  in  July 
it  was  0.3  percent  less  than  that  for  July  of 
the  previous  year.  For  the  5-month  period 
Connecticut  highway  gasoline  sold  showed  a 
9.9  percent  increase  in  1947  over  the  same 
months  of  1946,  slightly  greater  than  the  aver- 
age for  the  adjoining  States — Massachusetts, 
New  York,  and  New  Jersey. 

The  immediate  effect  of  this  "loading  up"  is 
to  give  the  appearance,  in  the  month  of  the 
tax  increase  and  immediately  following  while 
inventories  are  being  reduced  to  normal,  that 
gasoline  consumption  has  suffered  substan- 
tially as  a  result  of  the  impact  of  the  tax 
increase.  A  close  analysis  of  gasoline  con- 
sumption, however,  reveals  that  the  5-month 
totals  for  the  States  in  which  the  increases 
occurred  are  very  similar  to  those  of  the 
adjoining  States  in  which  there  were  no 
increases.  As  inventories  in  the  supply 
channels  are  brought  back  to  normal  it 
frequently  appears,  to  those  not  thoroughly 
familiar  with  the  distribution  and  taxation  of 
gasoline,   that  the  demand  for  gasoline  has 


been  decreased  by  the  increase  in  tax.  This 
misinterpretation  has  frequently  accounted 
for  articles  appearing  in  newspapers  and  trade 
journals  to  the  effect  that  gasoline  demand 
has  been  sharply  cut  by  tax  increases.  Recent 
instances  of  such  misinterpretation  occurred 
with  respect  to  Vermont  and  Kentucky  gaso- 
line consumption.  In  both  cases  abnormally 
large  amounts  of  gasoline  had  been  purchased 
immediately  prior  to  the  imposition  of  the 
tax  increase,  but  the  total  amount  sold  in  the 
5-month  period  bracketing  the  increases 
showed  no  marked  deviation  between  the 
sales  patterns  of  those  States  and  those  of 
adjoining  States. 

TRAFFIC  UNAFFECTED  BY  TAX 
INCREASES 

Table  3  also  demonstrates  that  in  each  of 
the  States  in  which  the  tax  increases  occurred 
the  traffic  maintained  fairly  normal  patterns 
similar  to  those  of  adjoining  States,  and, 
allowing  for  regional  differences,  consistent 
with  the  pattern  of  total  traffic  in  the  United 
States.  It  will  be  noted  that  in  each  of  the 
States  in  which  tax  changes  occurred,  traffic 
remained  on  a  fairly  even  keel,  in  each  case 
being    similar    in    pattern    to    the    traffic    of 


adjoining  States.  This  appears  to  be  con- 
clusive evidence  that  the  impact  of  the  tax 
increases,  while  resulting  in  a  violent  fluctua- 
tion in  gasoline  sold,  does  not  substantially 
affect  the  use  of  gasoline  on  the  highways. 

Theoretically,  each  increase  in  the  cost  of 
gasoline,  whether  arising  from  taxes  or  other 
factors,  should  reduce  the  potential  market; 
and  each  decrease  in  the  cost  should  expand 
the  potential  market.  In  a  period  of  relatively 
stable  prices  and  employment  it  might  have 
been  possible  to  distinguish  the  effects  of  the 
changes  in  gasoline-tax  rates,  or  conversely 
to  decide  with  a  reasonable  degree  of  certainty 
that  the  changes  had  no  appreciable  effect 
on  consumption.  The  fact  that  there  were 
12  increases  in  tax  rates  and  1  decrease 
during  the  period  under  study  would  in 
normal  times  have  created,  as  nearly  as  it  is 
possible  to  create,  a  laboratory  condition. 
It  might  have  been  possible  to  have  settled 
once  and  for  all  the  question  of  the  extent  to 
which  the  demand  for  gasoline  for  highway  use 
is  flexible,  and  perhaps  to  have  made  a  deter- 
mination of  its  sensitivity.  From  the  point 
of  view  of  making  this  determination,  it  is 
unfortunate  that  the  tax  increases  were,  to  a 
considerable  degree,  the  result  of  a  general 
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rise  in  all  price  levels  that  at  the  same  time 
rendered  comparisons  difficult. 

There  can  be  no  doubt  that  at  some  point 
the  cost  of  highway  transportation  will  govern 
the  amount  of  gasoline  used,  and,  for  that 
matter,  the  distribution  and  ownership  of 
motor  vehicles;  but  it  appears  that  we  have 
not  yet  arrived  at  the  point  where  these  costs 
are  sufficient  to  constitute  an  effectual  brake 
on  the  use  of  highway  transportation.  Con- 
sumption of  gasoline  under  present  conditions 
of  full  employment  and  high  wages  is  more 
likely  to  be  determined  by  the  number  of 
vehicles  available  and  the  facilities  for  their 
use  than  by  the  price  of  gasoline.  Gasoline 
and  oil  costs,  which  account  for  the  principal 
day-to-day  expense  of  operating  an  automo- 
bile, amount  to  approximately  1.8  cents  per 
mile.  If  we  take,  for  example,  a  new  auto- 
mobile costing  the  consumer  $1,800  and 
assume  that  it  is  to  be  depreciated  over  100,000 
miles,  the  depreciation  alone  is  1.8  cents  per 
mile,  equaling  the  cost  of  gasoline  and  oil,  and 
allowing  nothing  for  maintenance,  garaging, 
insurance,  registration  fees,  and  property 
taxes. 

It  is  quite  possible  that  the  economic  effects 
of  high  motor-vehicle  transportation  costs 
will  be  revealed  much  sooner  in  the  market 
for  automobiles  than  in  the  market  for  gaso- 
line. Even  allowing  for  the  fact  that  the 
average  consumer  may  buy,  or  refrain  from 
buying,  gasoline  at  any  given  time  and  that 
the  demand  for  gasoline,  therefore,  must  be 
much  more  sensitive  than  the  demand  for 
cars,  and  the  fact  that  the  automobile  market 
must,  of  necessity,  have  much  less  short-term 
sensitivity,  it  seems  probable  that  any  change 
in  the  long-term  curve  of  gasoline  demand 
will  be  preceded  by  a  very  substantial  weaken- 
ing in  the  market  for  automobiles.  In  other 
words,  it  does  not  appear  that  the  need  for 
highway  transportation  has  been  satisfied  to 
the  point  that  gasoline  price  increases  or  tax- 
increases,  within  reasonable  limits,  will  have 
any  effect  on  the  amount  of  gasoline  consumed. 

GASOLINE  COST  INCREASE  LESS  THAN 
INCREASE  IN  GENERAL  LIVING  COST 

On  January  1,  1946,  the  unweighted  arith- 
metic average  retail  price  of  gasoline  for  the 
United  States  was  20.6  cents  per  gallon.  At 
the  end  of  the  30-month  period  under  study 
the  same  average  price  had  risen  to  26.3  cents, 
an  increase  of  27  percent.  In  the  same  period 
the  Bureau  of  Labor  Statistics'  Cost  of  Living 
Index,  based  on  the  1935-39  period,  rose  from 
129.9  in  January  1946,  to  173.7  in  July  1948, 
an  increase  of  more  than  33  percent.  Thus, 
despite  the  fact  that  the  total  cost  of  gasoline 
to  the  consumer  rose  rapidly  during  the  period, 


Table  4.—Highuay  use  of  motor  fuel,  1946-47,  in  States  that  did  and  did  not  have  tax 

increases 


Month 

States  in  which  tax  rate 
increased  during  1947 

States  in  which  tax  rate  did 
not  increase  during  1947 

Total,  all  States 

1946 

1947 

Change 

1946 

1947 

Change 

1946 

1947 

Change 

January 

February 

March.  . 

April.    

May... 

June .. 

1,000 
gallons 
271, 130 
266,  803 
311,059 
320,  213 
344, 709 
340,  949 

1,000 
gallons 
'  327,  986 
312,  988 
320,  428 
343, 085 
366,  271 
395.  062 

Per- 
cent 
+21.0 
+17.3 
+3.0 
+  7  1 
+6.3 
+  15.9 

1,000 
gallons 
1,  483. 602 
1.421,094 
1,691,364 
1,  888,  298 
1,  894,  852 
1,859.000 

1,000 
gallons 
1, 695,  510 
1,571,311 
1,824,031 
1,943,300 
2, 153, 106 
2, 108,  651 

Per- 
cent 
+14.3 
+10.6 
+7.8 
+2.9 
+13.6 
+  13.4 

1,000 
gallons 
1,754,732 

1,  687,  897 

2,  002,  423 
2,208,511 
2,  239,  561 
2, 199,  949 

1,000 

gallons 

2, 023,  496 

1.  884,  299 
2, 144,  459 

2,  286, 385 
2,519,377 
2,  503,  713 

Per- 
cent 
+15.3 
+  11.6 
+7.1 
+3.5 
+12.5 
+13.8 

+10.5 

First  6  months. 
July 

1,854,863  |  2,065,820 

+11.4 

10.  238,  210 

11,  295, 909 

+10.3 

12, 093, 073 

13,361,729 

371,860          382,945 

+3.0 
+9.0 
+  14.9 
+  12.3 
+  14.4 
+21.5 

2, 061, 328 
1,  999.  159 
1,818,374 
1,  948, 165 
1,  839,  408 
1,814,343 

2, 230,  541 
2, 155,  644 
2, 062,  616 
2,159,481 

1,  882,  730 

2,  034.  030 

+8.2 
+7.8 
+  13.4 
+10.8 
+2.4 
+12.1 

2,  433, 188 
2, 370,  420 
2, 154,  754 
2,  294,  573 
2,161,897 
2, 141,  093 

2,613,486 
2,  560,  385 
2,  449,  060 
2,  548,  4X3 
2,251.651 
2.  430,  941 

+7.4 

+8.0 

+13.7 

+11.1 

+4.2 

+13.5 

August. 

September. 

October.. 

November. 

December 

Last  6  months. 

Total 

371,  261 
336,  380 
340,  408 
322, 489 
326,  750 

404, 741 
386,  444 
388,  972 
368,  921 
396,  911 

2.  075,  1 18 

2, 328,  934 

+  12.2 

11,480,777 

12.525,042 

+9.1 

13,  555,  925 

14,  853,  976 

+9.6 

3,930,011 

4,  394,  754 

+11.8 

21,  718,  987 

23,  820,  951 

+9.7 

25,  648,  998 

28,  215,  705 

+10.0 

its  relative  increase  was  not  as  great  as  the 
increase  in  his  general  cost  of  living.  Between 
January  1946,  and  July  1948,  hourly  earnings 
in  manufacturing  industries  increased  from  an 
average  of  just  over  $1.00  an  hour  to  more 
than  $1.30  per  hour.  Agricultural  incomes 
increased  even  more  rapidly,  and  there  were 
substantial  increases  in  other  industries, 
coupled  with  full  employment.  During  this 
period  the  relative  cost  of  gasoline,  including 
taxes,  actually  decreased  for  all  groups  except 
those  depending  on  fixed  annual  salaries, 
annuities,  rents,  and  other  relatively  stable 
sources  of  income.  It  was  with  these  facts  in 
mind  that  this  inquiry  was  limited  to  an  effort 
to  determine  whether  the  increases  in  State 
gasoline  taxes  had  affected  gasoline  consump- 
tion, rather  than  an  attempt  to  learn  under 
what  conditions  gasoline  consumption  would 
have  been  affected. 

A  summary  of  highway  gasoline  consump- 
tion is  given  in  table  4.  The  1946-47  changes 
are  given  in  totals  for  the  group  of  States  in 
which  there  was  a  tax-rate  increase  in  1947, 
and  in  totals  for  the  group  of  States  in  which 
the  rate  did  not  increase  during  1947.  These 
summaries  show  that  in  the  first  6  months  of 
1947  the  States  in  which  the  taxes  were  in- 
creased during  the  year  had  an  increase  of  11.4 
percent  in  highway  gasoline  sales;  and  in  the 
last  6  months  of  1947  showed  an  even  greater 
increase  of  12.2  percent  over  the  prior  year. 
This  is  surprising,  since  most  of  the  tax 
changes  took  place  about  the  middle  "-of  the 
year,  with  most  of  the  "loading  up"  of  inven- 
tories taking  place  during  the  first  6  months, 
and  the  unloading  during  the  last  6  months. 
Had  it  not  been  for  the  loading  effect,  the 
last-half  increase  in  1947  over  the  same  period 
in  1946  would  have  been  greater.     Strangely 


enough,  the  States  in  which  there  were  no  in- 
creases in  tax  rates  during  1947  showed  an 
increase  of  10.3  percent  in  highway  gasoline 
consumption  in  the  first  6  months  of  the  year 
over  the  same  months  of  1946,  and  a  smaller 
increase,  9.1  percent,  in  the  last  6  months  of 
the  year.  It  is  not  possible  to  arrive  at  a 
conclusive  explanation  for  this  apparent  de- 
fiance of  economic  law,  if  we  consider  the 
changes  in  tax  rates  alone.  We  do  know, 
however,  that  the  average  price  of  gasoline, 
without  tax,  increased  more  in  the  States 
that  did  not  increase  the  tax  rate  than  it  did 
in  the  States  where  the  tax  rates  were  in- 
creased, and  for  longer  periods  this  undoubt- 
edly nullified  the  relative  effects  of  the  tax 
increases. 

CONCLUSIONS 

It  would  be  irresponsible  to  conclude  from 
the  data  compiled  that  increased  costs  to  the 
consumer  would  not,  in  the  long  run,  have 
a  tendency  to  reduce  the  consumption  of  gaso- 
line. It  is  apparent,  however,  that  we  have 
not  yet  reached  the  point  where  this  effect 
can  be  measured.  At  the  time  the  study  was 
undertaken  it  was  hoped  the  effects  of  gaso- 
line-tax increases  could  be  measured,  despite 
the  fact  that  the  price  increases  so  over- 
shadowed them.  It  was  felt  that  the  impact 
of  the  tax  increases,  considering  the  publicity 
given  them,  could  be  located  and  measured; 
but  this  expectation  was  not  realized. 

It  is  reasonably  clear  that  at  present  price, 
wage,  and  employment  levels,  the  demand  for 
gasoline  is  so  inflexible  that  no  price  or  tax 
increases  within  reasonable  contemplation 
will  increase  the  total  price  to  the  consumer 
to  the  point  where  it  will  measurably  affect 
the  demand  for  highway  gasoline. 


New  Publications 


Work  of  the  Public  Roads  Administra- 
tion, 1948,  the  annual  report  of  the  Public 
Roads  Administration  for  the  fiscal  year  ended 
June  30,  1948,  is  now  available  from  the  Super- 
intendent of  Documents,  U.  S.   Government 

144 


Printing  Office,  Washington  25,  D.  C,  at  20 
cents  a  copy. 

Highway  Statistics,  1947,  is  also  now- 
available.  The  third  in  an  annual  series,  it 
presents  information  of  general  interest  on  the 
subjects  of  motor  fuel,  motor  vehicles,  high- 
way-user taxation,  highway  finance,  and  high- 
way mileage  for  the  year  1947.  A  summary 
bulletin    reporting    similar    information    over 


periods  of  20  to  50  years,  up  to  1945,  was 
printed  last  year.  These  publications  are  for 
sale  by  the  Superintendent  of  Documents  at 
the  following  prices: 

Highway  Statistics,  1947,  45  cents. 

Highway  Statistics,  1946,  50  cents. 

Highway  Statistics,  1945,  35  cents. 

Highway  Statistics,  Summary  to  1945, 
40  cents. 
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Traffic  Trends  on  Rural  Roads  in  1947 


BY  THE  DIVISION  OF  HIGHWAY  TRANSPORT  RESEARCH 
PUBLIC  ROADS  ADMINISTRATION 


Reported  by  THOMAS  B.   DIMMICK,   Highway  Economist 


Total  rural-road  traffic  in  1947  broke  all 
previous  records,  exceeding  the  previous 
high,  in  1946  by  almost  10  percent.  Peak 
summer  travel  teas  7  percent  greater  than 
in  1941,  previous  record  year  for  that  season. 

Travel  on  the  main  rural  roads  of  the 
country  amounted  to  more  than  137  billion 
vehicle-miles,  of  which  almost  80  percent 
ivas  by  passenger  cars.  Ton-mileage  car- 
ried by  commercial  vehicles  increased  21 
percent  for  the  second  consecutive  year. 
Reversing  a  previous  trend,  a  slightly  larger 
percentage  of  these  vehicles  were  found  to 
be  carrying  loads  in  1947.  Average  carried 
loads  remained  about  the  same  as  in  1946. 

The  use  of  heavy  commercial  vehicles 
continued  to  increase,  truck-combinalion 
travel  being  21  percent  greater  than  in  1946. 
The  rise  in  frequency  of  heavy  gross  tveights 
has  apparently  been  halted,  but  the  fre- 
quency of  heavy  axle  loads  was  almost  one- 
fifth  greater  in  1947  than  in  the  prei'ious 
year. 


TRAFFIC  on  rural  roads  in  1947  broke 
all  records,  exceeding  the  all-time  high 
of  the  previous  year  by  almost  10  percent. 
Travel  in  each  month  of  1947  was  greater 
than  in  the  corresponding  month  of  1946,  the 
increases  ranging  from  6  percent  in  March, 
November,  and  December  to  13  percent  in 
January.  The  peak  summer  travel  was  about 
7  percent  above  that  for  1941,  the  year  of  the 
previous  all-time  high  for  that  season. 

On  the  345,000  miles  of  main  rural  roads  of 
the  country,  travel  in  1947  was  more  than  137 
billion  vehicle-miles,  of  which  almost  21  per- 
cent was  by  trucks  and  truck  combinations.1 
Vehicle-mileage  of  these  commercial  vehicles 
in  1947  increased  to  18  percent  above  the  1946 
figure  and  ton-mileage,  21  percent.  The  in- 
creased use  of  truck  combinations,  particu- 
larly noticeable  during  the  war,  was  con- 
tinued through  1947.  The  percentage  of 
vehicles  carrying  loads  increased  slightly. 

The  total  rural-road  traffic  data  reported 
in  this  analysis  are  derived  largely  from 
records  received  from  about  660  automatic 
traffic  recorders  operated  continuously  through- 
out the  year  at  permanent  stations  on  rural 
roads  in  all  48  States.  These  machine  counts 
provide  no  classification  by  vehicle  type  since 
they  record  only  the  total  number  of  all  types 


1  In  this  article,  the  term  trucks  is  used  to  indicate  single- 
unit  trucks;  truck  combinations  to  indicate  tractor-truck- 
semitrailers  (with  or  without  full  trailers)  and  trucks  with 
full  trailers;  and  trucks  and  truck  combinations  to  indicate  all 
of  these  vehicles  together. 


passing.  Trends  in  type,  weight,  and  char- 
acteristics of  trucks  and  truck  combinations 
were  obtained  from  a  summer  survey  described 
later  in  this  article.  Supplemental  counts 
made  by  several  States  yielded  valuable  in- 
formation concerning  the  total  volume  of 
rural  traffic  within  their  boundaries  and  its 
classification  by  types  of  vehicles.  Considera- 
tion has  been  given  to  all  such  available  data, 
and  those  derived  from  the  sample  with  the 
most  complete  coverage  were  given  preference 
in  this  analysis.  In  instances  where  States 
have  prepared  and  submitted  vehicle-mile 
travel  estimates,  these  have  been  employed 
rather  than  estimates  made  by  applying 
trend  factors. 

Figure  1  illustrates  the  variation  in  rural 
traffic  in  the  three  main  geographic  divisions 
and  in  the  United  States  as  a  whole  in  the 
year  1947;  in  the  previous  year,  1946;  and  in 
the  peak  prewar  year,  1941.  Tn  the  three 
eastern  regions,  1947  traffic  was  less  than  that 
in  1941  throughout  most  of  the  year;  whereas 
in  the  other  regions  the  1947  traffic  in  each 
month  was  well  above  that  of  the  correspond- 
ing month  of  any  previous  year.  The  States 
comprising  each  of  these  regions,  which  have 
been  established  by  the  Bureau  of  the  Census, 
are  indicated  in  the  first  column  of  table  3, 
page  147. 

Vehicle-mileage  of  travel  on  all  rural  roads, 
by  type  of  vehicle,  is  shown  in  chart  form  for 
each  year  from  1936  to  1947,  inclusive,  in 
figure  2.  Evident  from  this  chart  is  the 
stability  of  the  truck  traffic.  Even  during 
the  war  period  it  decreased  less  than  26  per- 
cent from  the  prewar  high,  while  passenger-car 
traffic  decreased  over  45  percent.  Truck 
traffic,  as  well  as  passenger-car  traffic,  has  re- 
gained all  of  the  wartime  loss  and  now  stands 
about  where  indicated  by  the  prewar  trend. 
Travel  by  truck  combinations  during  the 
years  of  the  war  was  even  more  stable,  and 
maintained  throughout  that  period  approxi- 
mately the  same  level  as  in  1941.  Since  the 
end  of  the  war  period,  the  vehicle-mileage  of 
i  ruck  combinations  has  increased  annually  at 
a  rapid  rate. 

The  ratios  of  rural  traffic  volumes  in  1947 
to  those  in  corresponding  months  of  1946  and 
1941  are  shown  in  table  1.  The  uniform  in- 
creases in  traffic  in  1947  compared  to  1946,  in 
all  sections  of  the  country,  are  clearly  shown. 
With  the  exception  of  the  Middle  Atlantic 
region  (in  March  and  in  December)  the  traffic 
in  every  region  for  every  month  was  eciual  to, 
or  greater  than,  that  in  the  same  period  of  the 
previous  year.     On  the  other  hand,  the  com- 


Figure  1. — Travel  on  all  rural  roads  in  1941, 
1946,  and  1947,  by  months. 
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Figure  2. — Travel  on  all  rural  roads,  1936-47, 
by  classes  of  vehicles. 
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Jan. 


Feb. 


Mar. 


Apr. 


May 


June 


July 


Aug. 


Sept 


Oct. 


Nov. 


Dec.     Total 


RATIO  OF  1947  TRAFFIC  TO  1946  TRAFFIC 


Eastera  regions: 

New  England 

Middle  Atlantic 

South  Atlantic.-- 

Average 

Central  regions: 

East  North  Central 

;      i  South  Central 

West  North  Central 

West  South  Central — 
Average 

Western  regions: 

Mountain 

Pacific. 

Average 

United  States  average 


1.18 
1.17 
1.21 
1.19 

1.21 
1.04 
1.16 
1.00 
1.12 

1.09 
1.09 
1.09 

1.13 


1.19 
1.11 
1.10 

1.11 

1.10 
1.03 

1.0!) 
1.02 
1.06 

1.07 
1.13 
1.11 

1.09 


1.07 

.97 

1.07 

1.04 

1.09 
1.05 
1.06 
1.02 
1.06 

1.11 
1.10 
1.10 

1.06 


1.10 


1.11 
1.09 
1.13 
1.11 

1.14 
1.11 
1.11 
1.05 
1.11 

1.11 

1.08 
1.09 

1.11 


1.09 
1.12 
1.14 
1.12 

1.15 
1.12 

1.12 
1.07 
1.12 

1.11 
1.07 
1.08 

1.11 


1.12 

1.17 
1.15 
1.15 

1.13 
1.11 
1.12 

1.06 
1.11 

1.11 
1.06 
1.08 

1.12 


1.15 
1.11 
1.14 
1.13 

1.12 
1.09 
1.14 
1.06 
1.11 

1.12 
1.07 
1.09 


1.09 
1.08 
1.10 
1.09 

1.11 
1.06 
1.12 
1.05 
1.09 

1.14 
1.01 
1.05 


1.11      1.08 


1.12 
1.12 
1.12 

1.12 

1.11 
1.09 
1.10 
1.04 
1.09 

1.14 
1.00 
1.04 

1.09 


1.07 
1.06 
1.08 
1.07 

1.03 

1.08 
1.02 
1.06 
1.04 

1.08 
1.11 

1.10 

1.06 


1.01 

.98 
1.07 
1.03 

1.03 
1.10 
1.04 
1.06 
1.05 

1.11 
1.13 
1.12 

1.06 


1.10 
1.09 
1.12 
1.11 

1.11 
1.08 
1.10 
1.05 
1.09 

1.11 
1.07 
1.08 

1.09 


RATIO  OF  1947  TRAFFIC  TO  1941  TRAFFIC 


Eastern  regions: 

New  England 

Middle  Atlantic 

South  Atlantic 

Average 

Central  regions: 

East  North  Central.. 
East  South  Central- - 
West  North  Central- 
West  South  Central-. 

Average 

Western  regions: 

Mountain 

Pacific 

Average 


United  States  average 1.19 


1.07 
1.08 
1.18 
1.13 

1.30 
1.11 
1.15 
1.17 
1.21 

1.21 
1.31 

1.28 


.99 
1.07 
1.11 
1.08 

1.24 
1.17 
1.06 
1.24 
1.19 

1.19 
1.31 
1.27 

1.16 


1.05 
.82 
1.13 


1.22 
1.18 
1.05 
1.22 
1.18 

1.11 
1.31 
1.24 

1.12 


.91 
.96 
1.10 
1.01 

1.17 
1.16 
1.05 
1.27 
1.17 

1.16 
1.28 
1.24 

1.12 


.86 
1.08 
.94 

1.12 
1.14 
1.02 
1.28 
1.13 

1.12 
1.23 
1.19 


.83 

.87 

1.08 

.95 

1.06 
1.09 
1.07 
1.22 
1.10 

1.17 
1.34 
1.28 

1.07 


.83 
.95 

1.04 
.96 


1.04 
1.05 
1.24 
1.06 

1.13 
1.30 
1.24 

1.05 


.81 
.83 
1.02 
.90 

1.07 
1.19 
1.08 
1.23 
1.12 

1.21 
1.37 
1.31 

1.07 


.95 
1.00 
1.06 
1.02 

1.10 
1.13 
1.13 
1.20 
1.13 

1.26 
1.33 
1.31 

1.12 


.97 
1.04 
1.14 
1.07 

1.14 
1.18 
1.13 
1.26 

1.17 

1.23 
1.33 
1.30 


.83 
.96 
1.09 
.99 

.93 
1.22 
1.00 
1.22 
1.05 

1.07 
1.24 
1.18 


.81 
1.04 
1.08 
1.02 

.90 
1.16 

.98 
1.15 
1.01 

1.21 
1.21 
1.21 


1.05       1.04 


.95 
1.09 
.99 

1.09 
1.14 
1.06 
1.22 
1.12 

1.17 
1.30 
1.25 

1.10 


Table  2. — Percentage  of  annual  traffic  in  each  month  in  1947 


Region 


Eastern  regions: 

New  England 

Middle  Atlantic 

South  Atlantic 

Average 

Central  regions: 

East  North  Central. 
East  South  Central - 
West  North  Central 
West  South  Central 
Average — 

Western  regions: 

Mountain 

Pacific 

Average 

United  States  average... 


Jan. 


5.8 
6.4 


6.7 
6.4 
6.2 
7.0 
6.6 

6.1 
6.5 
6.3 

6.6 


Feb. 


6.2 
6.3 
7.3 

6.7 

6.7 

6.9 
6.5 
7.4 
6.9 

6.4 
7.0 
6.8 


Mar. 


7.1 

5.5 
7.7 
6.7 

7.6 
7.4 
6.9 
7.8 
7.4 

7.1 
7.4 
7.3 


Apr. 


8.2 
8.4 
8.2 


8.0 
7.8 
8.3 
8.2 

7.7 
7.9 
7.8 

8.2 


May 


8.7 
8.6 
8.3 
8.5 

9.5 
8.5 
8.5 
8.4 

8:9 


8.7 


June 


8.7 


9.1 
8.4 
9.3 
8.7 
9.0 

9.5 
9.2 
9.3 

9.0 


July 


10.5 
10.7 
9.4 
10.1 

9.6 
9.0 
9.9 
8.9 
9.4 

10.4 


9.8 


Aug. 


10.6 
9  9 
9.1 
9.7 

10.5 
10.0 
10.5 
9.0 
10.1 

10.9 
10.5 
10.6 

10.0 


Sept. 


10.4 
10.4 

8.5 


9.6 
9.3 
9.9 
8.7 
9.4 


9.7 
9.5 


Oct. 


9.4 
8.6 
9.1 


9.1 

9.4 
8.7 
9.0 

9.0 

8.7 


9.0 


Nov. 


7.7 
8.1 
8.3 
8.1 


7.9 
8.6 
7.8 

7.5 
7.7 
7.6 


Dec. 


6.5 
7.6 
8.1 

7.7 

6.3 

8.4 
7.2 
8.5 
7.3 

7.1 
7.0 
7.1 


Total 


100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.  0 
100.0 
100.0 

100.0 
100.  0 
100.0 

100.0 


parison  of  1947  traffic  figures  with  those  for 
1941  shows  that  traffic  was  generally  higher, 
month  by  month,  in  1947  than  in  1941  in  the 
South  Atlantic,  Central,  and  Western  regions, 
while  travel  in  the  New  England  and  Middle 
Atlantic  regions  remained  generally  somewhat 
below  the  levels  attained  in  the  earlier  year. 


Table  2  indicates  the  differences  in  the 
regional  annual  traffic  patterns  for  the  year 
1947.  Normally,  for  the  United  States  as  a 
whole,  the  summer  months  of  July  and 
August  have  higher  percentages  of  traffic  than 
other  months  of  the  year.  This  is  generally 
true  for  the  year  shown  although,  as  would  be 


Table  4. — Ratio  of  1947  traffic  to  corresponding  traffic  in  1946,  from  summer  counts 


Vehicle  type 


Passenger  cars: 

Local 

Foreign -._ 

All  passenger  cars-- 
Trucks  and  truck  combina- 
tions: 

Single-unit  trucks 

Truck  combinations—  . 

All  trucks  and  truck 

combinations 

Busses 

All  vehicles 


Eastern  regions 


New 
Eng- 
land 


1.13 
1.07 
1.11 


1.04 
1.18 

1.06 

1.00 

1.10 


Mid- 
dle 
At- 
lantic 


1.07 
1.18 
1.09 


1.15 
1.25 

1.18 

1.14 

1.11 


South 

At- 
lantic 


1.24 

.88 

1.13 

1.19 
1.18 

1.19 

1.18 

1.15 


Aver- 
age 


1.15 
1.00 
1.11 


1.16 
1.21 

1.17 

1.14 

1.13 


Central  regions 


East    East 
North  South 
Cen-    Cen- 
tral     tral 


1.06 
1.24 
1.10 


1.19 
1.32 


1.23 
1.08 
1.12 


West  West 

North  South  Aver- 
Cen-    Cen- 
tral     tral 


1.13 
1.08 
1.11 


1.10 
1.24 

1.13 

.96 

1.11 


1.18 
.90 
1.10 


1.16 
1.15 

1.16 

1.27 

1.11 


0.97 
1.31 
1.03 


1.10 
1.28 


1.14 


1.06 


1.07 
1.13 
1.09 


1.14 
1.26 

1.17 

1.06 

1.10 


Western  regions 


Moun- 
tain 


Pacif- 


1.20 
1.04 
1.12 


1.12 
1.10 

1.12 

1.15 

1.12 


1.08 
1.05 
1.07 


1.37 
1.12 

1.26 

.94 

1.10 


Aver- 
age 


1.10 
1.04 
1.09 


1.25 
1.12 

1.20 

1.01 

1.11 


United 
States 
aver- 
age 


1.10 
1.07 
1.09 


1.16 
1.21 

1.18 

1.08 

1  11 


expected,  the  variation  is  less  marked  in  the 
South  Atlantic  and  West  South  Central 
regions.  In  these  regions  storms  and  cold 
weather  generally  cut  traffic  less  in  winter  than 
in  the  northern  areas  and  also  tourist  and 
resort  travel  is  relatively  less  in  summer. 

1947  SUMMER  SURVEY 

During  the  summer  of  1947,  the  highway 
departments  of  44  States,  in  cooperation  with 
the  Public  Roads  Administration,  conducted 
a  survey  to  obtain  the  trends  in  the  volume 
and  composition  of  traffic,  and  weights  of 
trucks  and  truck  combinations  on  rural  roads. 
This  survey  followed,  in  general,  similar 
surveys  conducted  each  summer  for  the  past 
5  years.2 

All  States  participated  in  these  surveys 
except  Wyoming,  Maryland,  Virginia,  and 
Illinois.  In  Wyoming,  an  expanded  weight 
survey  was  in  progress  but  reports  from  it  were 
not  available  for  inclusion  in  this  analysis. 

The  majority  of  weighing  stations  were  oper- 
ated during  July,  August,  or  September  al- 
though Arizona,  California,  and  Florida  com- 
pleted their  work  in  June,  Minnesota  con- 
ducted the  operations  from  May  through 
August,  and  Mississippi  operated  for  the  entire 
year. 

The  stations  used  in  these  surveys  were  se- 
lected initially  to  give  a  representative  cross 
section  of  traffic  on  main  rural  roads,  and  were 
operated  generally  for  8  hours  on  a  weekday, 
either  from  6  a.  m.  to  2  p.  m.  or  from  2  p.  m. 
to  10  p.  m.  All  traffic  passing  through  the 
stations  during  the  period  was  counted  and 
classified  into  the  following  categories:  local 
passenger  cars;  foreign  (out-of-State)  pas- 
senger cars;  panel  and  pick-up  trucks;3  other 
2-axle,  4-tired  trucks;  2-axle,  6-tired  trucks; 
3-axle  trucks;  tractor-semitrailer  combina- 
tions; truck  and  trailer  or  tractor-semitrailer 
and  trailer  combinations;  and  busses. 

The  survey  period,  number  of  stations  oper- 
ated, number  of  vehicles  counted,  and  number 
weighed  are  shown  for  each  State  in  table  3. 
A  total  of  961,597  vehicles  were  counted  at  all 
stations  during  the  period  of  the  survey. 
Trucks  and  truck  combinations  numbered 
192,341  or  20  percent  of  the  total  counted.  Of 
these,  95,220  or  49.5  percent  were  stopped 
and  weighed. 

Wherever  traffic  volume  permitted,  all 
trucks  and  truck  combinations  were  stopped 
and  weighed.  Where  this  procedure  was 
impracticable,  a  sample  was  obtained  by 
weighing  all  of  the  uncommon  types  and 
omitting  only  vehicles  of  types  sufficiently 
common  so  that  a  partial  sample  would  be 
adequate  to  establish  their  characteristics. 
The  type  of  vehicle,  whether  it  was  loaded  or 
empty,  and  the  number  of  axles  were  recorded. 
The  axle  spacing  and  total  wheelbase  length 
of    the    heavier    vehicles 4    were    measured. 


2  See  Traffic  trends  on  rural  roads  in  1946,  by  T.  B.  Dimmick 
and  Mary  E.  Kipp,  Public  Roads,  vol.  25,  No.  3,  Mar.  1948; 
Traffic  trends  on  rural  roads  in  191,5,  by  T.  B.  Dimmick, 
Public  Roads,  vol.  24,  No.  10,  Oct.-Nov.-Dec.  1946;  and 
Amount  and  characteristics  of  trucking  on  rural  roads,  by 
J.  T.  Lynch  and  T.  B.  Dimmick.  Public  Roads,  vol.  23,  No. 
9,  July-Aug.-Sept.  1943. 

3  Single  units  weighing  less  than  Wi  tons. 

*  Single-unit  trucks  weighing  13  tons  or  more  and  truck 
combinations  weighing  17  tons  or  more. 
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Passenger  cars  and  busses  were  counted  but 
not  stopped  for  weighing. 

TRAFFIC  INCREASES 

The  ratios  of  1947  summer  traffic  counts  to 
corresponding  counts  in  1946  are  given  for 
the  main  vehicle  types  in  table  4.  The  more 
detailed  vehicle-type  classification  is  not 
shown  in  this  table  because  it  was  not  made 
prior  to  1947.  Particularly  noticeable  in  this 
table  is  the  increase  in  trucks  and  truck  com- 
binations observed  in  every  section  of  the 
country.  The  increase  of  single-unit  trucks 
counted  in  the  Pacific  region  and  of  truck 
combinations  in  the  East  North  Central 
region  is  most  noteworthy.  In  all  regions 
except  the  New  England  and  Mountain 
regions,  truck  and  truck-combination  traffic 
increased  faster  than  passenger-car  traffic. 
This  was  particularly  true  in  the  East  North 
Central  region  where  the  passenger  cars 
observed  increased  10  percent  while  trucks 
and  truck  combinations  increased  23  percent, 
and  in  the  West  South  Central  region  where 
the  passenger-car  counts  increased  only  3 
percent  compared  to  an  increase  of  14  percent 
in  the  truck  and  truck-combination  counts. 
Foreign  passenger-car  travel  fell  off  surpris- 
ingly in  the  South  Atlantic  region  and  in  the 
West  North  Central  region. 

Table  5  shows  the  percentage  distribution 
of  traffic  by  vehicle  type  in  1947.  In  this 
table  the  single-unit  trucks  are  divided  into 
the  four  new  classification  types  that  have 
been  recommended  by  the  Public  Roads 
Administration  and  adopted  by  most  of  the 
States.  The  classification  of  trucks  into  these 
groups  permits  more  positive  identification 
than  the  use  of  the  old  "light,  medium,  and 
heavy"  categories,  and  the  groups  are  more 
homogeneous  than  those  formerly  used. 

The  percentage  figures  for  the  various  types 
in  table  5  indicate  that  the  West  South  Cen- 
tral, East  South  Central,  and  Mountain 
regions  have  larger  percentages  of  trucks  than 
the  areas  with  heavier  travel  such  as  New  Eng- 
land, East  North  Central,  Pacific,  and  Middle 
Atlantic  regions.  The  table  also  shows  that 
local  conditions  in  some  areas  apparently 
encourage  the  use  of  certain  types  of  vehicles, 
such  as  2-axle,  6-tired  trucks  that  are  especi- 
ally popular  in  the  West  North  Central  region, 
or  the  truck  and  trailer  combinations  that 
are  used  in  the  Pacific  region  to  a  greater 
extent  than  elsewhere  in  the  country. 

AVERAGE  WEIGHTS  NOW  RELATIVELY 
STABLE 

Figure  3  shows  graphically  the  average 
weights  of  loaded  and  of  empty  single-unit 
trucks,  of  truck  combinations,  and  of  all 
trucks  and  truck  combinations,  in  the  summers 
of  1942  to  1947,  inclusive,  and  in  a  correspond- 
ing period  of  a  prewar  year,  generally  1936 
or  1937.  This  chart  shows  that  the  weights 
of  both  loaded  and  empty  single-unit  trucks 
increased  each  year  from  the  time  of  the  first 
survey  through  1945,  and  since  then  have 
decreased  slightly.  On  the  other  hand,  the 
weights  of  both  loaded  and  empty  truck  com- 
binations increased  each  year  of  the  period 


Table  3. — Survey  period,  number  of  stations  operated,  number  of  vehicles  counted,  and 
number  weighed  in  each  State  in  the  special  weight  survey  during  the  summer  of  1947 


Region  and  State 

Survey  period 

Number 
of  stations 

Vehicles  counted 

Trucks  and 
■    combina-, 
tions 
weighed 

All 
vehicles 

Trucks  and 
truck  com- 
binations 

New  England: 

Connecticut 

Sept.  8-22 

10 
10 
10 

5 
5 

26,918 
25, 360 
28,  565 
13,891 
11.466 
S.3K5 

4.815 
4.138 
4,848 
1.714 
2,096 
580 

2,348 

1,512 

2,219 

548 

970 

580 

Maine... 

July  25-Aug.  26.. . 

Massachusetts 

Aug.  18-29 

New  Hampshire 

July  28-Aug.  1 

Rhode  Island... 

July  28-Aug.  1 

Vermont. _. 

Aug.  4-8 

Subtotal 

45 

114,585 

18, 191 

8,177 

Middle  Atlantic: 
New  Jersey. . 

Aug.  4-Sept.  4 

10 

20 
10 

59,  277 
36,  938 
36,  425 

11,012 
9,515 
6,432 

1,878 
3,543 
1,633 

New  York 

Sept.  22-26 

Pennsylvania 

Aug.  6-19 

Subtotal 

40 

132. 640 

26,  959 

7,054 

South  Atlantic: 

Delaware 

Sept.  23-Oct.  2 

4 
10 
10 

11.004 
12.021 
12,635 

3,148 
2,170 
2,951 

447 
2,112 
1,804 

Florida 

June  9-30 

Georgia 

Aug.  4-23. 

Maryland 

(>)-- 

North  Carolina 

Aug.  19-Sept.  9 

12 

10 

23. 867 
15, 147 

5,546 
3,843 

3, 069 
1,923 

South  Carolina.. 

Sept.  22-Oct.  7 

Virginia.  

(') _ 

West  Virginia 

Aug.  12-Sept.  5 

9 

10,  330 

2,735 

1,244 

Subtotal 

55 

v.. nut 

ai,::'.« 

10. 599 

Eastern  regions,  subtotal     . 

140 

332, 229 

65,  543 

25, 830 

East  North  Central: 
Illinois 

(0. ! 

Indiana. 

Aug.  4-29 

20 
10 

10 
15 

36, 105 
25,  942 
21,473 
27,316 

8,  261 
4,091 
3.740 
3, 163 

3,459 
1,896 
1,082 
1,804  ' 

Michigan . 

July  24-Aug.  7 . 

Ohio 

July  29-Aug.  14 

Wisconsin 

Aug.  1-22. _. 

Subtotal .. 

55 

110.836 

lo.  •->:..-, 

8,241 

East  South  Central: 

Alabama..   

Aug.  14-Sept.  2 

10 
10 
15 
9 

9,  591 
10.  592 
17.728 

9,087 

2,343 
2.584 
4.  785 
2,311 

1,425 

948 

3,484 

1,484 

Kentucky 

June  19-July  24 

Mississippi 

Jan.  27-Dec.  17 

Tennessee 

July  7-17. .   

Subtotal .  . 

44 

46,  998 

12, 023 

7,341 

West  North  Central: 
Iowa 

July  28-Aug.  8 

10 
10 

28 
42 
20 
10 
9 

11,498 
8,741 

80. 009 
75,  752 
18.  226 
13.  767 
4,305 

1,960 
1,799 

15,510 
17,725 
3.  844 
2,781 
925 

1,947 
1,040 

6,227 
11.505 
3,679 
1,839 
872 

Kansas 

Aug.  25-Sept.  8 

Minnesota 

May  5-June  6  and  July  7-Aug. 
29 

Missouri 

July  28-Aug.  15 

Nebraska .  . 

North  Dakota 

Aug.  1-28 

South  Dakota     .. 

July  28-Aug.  14 

Subtotal 

129 

212.  298 

44.  544 

27, 109 

West  South  Central: 
Arkansas 

Aug.  4-15 .   .   

10 
10 

10 
17 

13.611 

7.551 

13.747 

23,  728 

4,276 
2,337 
3,068 
5,392 

1,340 
2,104 
3,068 
2.273 

July  28-Aug.  8 

Oklahoma 

Aug.  11-22 . 

Texas.   

June  17-Aug.  22 

Subtotal     -. 

47 

58,  637 

15,073 

8,785 

275 

428,  769 

90,895 

51,476 

Mountain: 

June  9-20 

10 
10 
13 
18 
10 
10 
10 

8,920 
23,  397 
14,016 
14,640 
6.224 
9,033 
15,366 

1,672 
3,  866 
2,587 
3,000 
784 
1,901 
2,649 

661 
1,051 
2,069 
2,393 

765 
1,542 

851 

Colorado. ...... 

Aug.  15-29 

Aug.  4-20 

Idaho  . 

Montana _ 

July  30-Aug.  25 

July  29-Aug.  12 

Nevada 

New  Mexico . 

July  21-Aug.  7 

Utah 

July  28-Aug.  8 

(2) _ 

Subtotal.    

81 

91,  596 

16,  130 

0.332 

Pacific: 

May  27-June  30 

20 
9 
10 

72,  375 
19,  208 
17,420 

13.284 
3,582 
2,578 

4,117 
2,509 
1,956 

Oregon . 

Aug.  11-29 

Sept.  3-16.. 

Washington ..... 

Subtotal 

39 

109, 003 

19,444 

8,582 

120 

200, 599 

35,  90.3 

17,914 

United  States  total.     . 

535 

961, 597 

192. 341 

95,  220 

1  No  survey  made  in  1947. 

2  Made  an  expanded  survey  in  1947  that  is  not  comparable  with  previous  counts. 


shown.  The  average  weights  of  the  various 
types  of  loaded  and  empty  trucks  and  truck 
combinations  in  the  summer  of  1947  are  shown 
in  table  6,  for  the  different  regions.  This 
table  brings  out  clearly  the  important  differ- 


ences that  exist  in  the  weight  characteristics 
of  the  vehicles  in  the  different  groups  of  the 
new  classification.  It  will  be  noted,  for 
example,  that  for  the  United  States  as  a  whole 
the  loaded  3-axle,  single-unit  trucks  weighed 
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Table  5.— Percentage  distribution  of  traffic,  by  vehicle  types,  in  the  summer  of  1947 


Vehicle  type 


Passenger  cars: 

Local  

Foreign         - 

All  passenger  cars.. -- 

mi!  (rucks: 

Panel  and  pick-up    

other  2-axle,  4-tired 

Other  2-axlc,  6-tired 

Three-axle  -- 

All  single-unit  trucks  — 
Truck  combinations: 

I  i  actor-truck  and  semitrailer 
Truck  and  trailer    --- 

All  truck  combinations 


All  trucks  and  truck  combinations. 
Busses 


All  vehicles. 


New 
Ensland 


57,  84 

24. 118 
82.  52 

5.  47 
53 

6.  54 
.34 

1 2.  88 

3.18 

.01 

3.19 
16.07 
1.41 


Eastern  regions 


Middle 
Atlantic 


20. 
1. 

100. 


South 
Atlantic 


57  88 

1 7.  22 
75.10 

6.81 

.75 

8.59 

.88 

17.03 

6.23 

.02 

6.25 

23.28 

1.62 

100.  00 


Average 


5. 
1. 

8. 

15^ 
5. 
5. 
21. 
1. 
100. 


East 
North 
Central 


82 
.26 
.08 

.06 

.75 

.00 


C  :  ntnl  regions 


East 
South 
Central 


17 

4 

"4, 

21 

1. 

100. 


or. 


00 


West 
North 
Central 


44 
07 
51 

60 
21 
61 
21 
.63 

.66 
.22 


4. 
22. 


100.  00 


West 
South 
Central 


58.39 
15.  87 
74.26 

9.13 
.63 

8.16 

.22 

18.14 

6.30 

.40 

6.70 

24.84 

.90 
100.  00 


Average 


58.26 
19.92 
78.18 

6.03 
.61 

8.14 

.40 

15.18 

5.44 

.25 

5.69 

20.87 

.95 

100.  00 


Western  regions 


Moun- 
tain 


40.  58 
36.33 
76.91 

9.61 

.43 

7.54 

.48 

18.06 

3.30 

.62 

3.92 

21.98 

1.11 

100. 00 


Pacific 


68.34 
11.50 
79.84 

3.89 
1.63 
3.62 
2.59 
11.73 

4.49 
3.04 
7.53 

19.26 

.90 

100.  00 


Average 


59.11 
19.75 
78.86 

5.79 
1.23 
4.93 
1.89 
13.84 

4.10 
2.23 
6.33 

20.17 

.97 

100.  00 


United 
States 
average 


59. 00 
19.08 
78.08 

5.92 

.86 

7.54 

.77 

15.09 

5.19 

.54 

5.73 

20.82 

1.10 

100.  00 


more  than  twice  as  much  as  the  2-axle,  6-tired 
trucks,  and  that  similar  differences  existed 
throughout  the  classification. 

TRUCK    TRANSPORTATION    HAS 
PHENOMENAL  INCREASE 

Figure  4  shows  a  comparison  of  the  esti- 
mated vehicle-miles  of  travel  on  main  rural 
roads 5   of   both   the    loaded   and   the   empty 

1  Main  rural  roads,  as  referred  to  in  this  article,  comprise 
about  345,000  miles  of  the  principal  routes  in  the  United 
States. 


single-unit  trucks  and  truck  combinations, 
separately  and  combined,  for  each  year  from 
1936  to  1947,  inclusive.  This  chart  shows 
more  clearly  than  figure  2  the  steady  growth 
of  truck  traffic  during  the  period  1936-41,  the 
temporary  effect  of  the  wartime  restrictions, 
and  the  phenomenal  upsurge  in  highway  truck 
transportation  since  the  war.  Travel  by 
single-unit  trucks  in  1947  increased  16  per- 
cent above  that  for  1946;  that  of  truck  com- 
binations increased  21  percent;  and  that  of 
all  types  increased  18  percent.     The  increases 


40 


9.  20 


WEIGHT   OF   VEHICLES    INCLUDING    LOAD 
WEIGHT   OF   EMPTY    VEHICLES 


1 


SINGLE-UNIT    TRUCKS  TRUCK    COMBINATIONS  TRUCKS    AND   COMBINATIONS 

Figure  3. — Average  weights  of  loaded  and  of  empty  trucks  and  truck  combinations  in    tht 
summers  of  1942-47  and  in  a  corresponding  period  of  a  preuar  year. 


j  20 


A 


B 


LOADED     VEHICLES 
EMPTY     VEHICLES 


ooofflffiLffly 


luii 


SINGLE-UNIT    TRUCKS 


TRUCK    COMBINATIONS 


TRUCKS    AND  COMBINATIONS 


Figure  4.— Travel  on  main  rural  roads  by  loaded  and  empty  trucks  and  truck  combinations 
148 


of  travel  by  loaded  vehicles,  considered  sepa- 
rately from  empty  vehicles,  were  even  greater. 
Travel  by  loaded  single-unit  trucks  in  1947 
increased  21  percent  above  that  for  1946; 
that  of  truck  combinations  increased  23  per- 
cent; and  that  of  all  types  increased  22  percent. 

Table  7  gives  a  comparison,  by  regions,  of 
the  estimated  vehicle-miles  of  travel  by  vehi- 
cles of  different  types  on  all  main  rural  roads 
in  1947  and  1946.  While  total  travel  in- 
creased a  considerable  amount  (11  percent) 
over  the  previous  year's  total,  even  larger 
increases  were  found  in  the  travel  by  freight- 
carrying  vehicles.  These  increases  were  indi- 
cated in  every  census  region  but  were  more 
noticeable  in  the  Pacific  region,  where  truck 
and  truck-combination  traffic  increased  26 
percent  over  the  previous  total,  and  in  the 
East  North  Central  region  where  it  increased 
23  percent  above  the  1946  estimate. 

A  second  important  trend  that  is  indicated 
by  the  figures  in  table  7  is  the  continued  in- 
crease found  in  many  sections  of  the  country 
in  the  more  general  use  of  the  heavier  com- 
mercial vehicles.  In  every  region  east  of  the 
Rocky  Mountain  States,  except  in  the  West 
North  Central  and  the  South  Atlantic  regions, 
the  vehicle-mileage  of  truck  combinations 
increased  more  rapidly  than  that  of  single-unit 
trucks.  In  the  Pacific  region,  on  the  other 
hand,  where  the  use  of  loaded  truck  combi- 
nations had  increased  phenomenally  in  pre- 
vious years,  the  vehicle-mileage  of  this  type 
increased  only  12  percent  as  compared  to  37 
percent  for  single-unit  trucks. 

Figure  5  gives  a  comparison  of  the  average 
load  carried  by  single-unit  trucks, truck  com- 
binations, and  all  of  these  vehicles  combined, 
in  the  12  years  since  the  planning  surveys  were 
commenced  in  1936.  The  chart  shows  the 
general  upward  trend  of  load  weights  through- 
out all  except  the  last  2  years  of  this  period. 
In  1947  the  average  carried  load  both  of 
single-unit  trucks  and  of  truck  combinations 
declined  slightly  from  the  1946  level  but,  be- 
cause of  the  increased  proportion  of  com- 
binations, the  average  for  all  vehicles  re- 
mained practically  constant.  From  1936 
to  1947  the  average  carried  load  on  single- 
unit  trucks  increased  from  1.9  tons  to  2.3 
tons,  an  increase  of  21  percent;  the  average 
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Table  6. — Average  weights  (in  pounds)  of  loaded  and  empty  trucks  and  truck  combinations,  by  vehicle  types,  in  the  summer  of  1947 


Vehicle  type 


Eastern  regions 


England 


Middle        South 
Atlantic     Atlantic 


A  vers 


Central  regions 


East 
North 
Central 


East 
South 
Central 


West 
North 
Central 


West 
South 
Central 


Average 


Western  regions 


Mountain 


Pacific 


Average 


United 

States 
average 


AVERAGE  WEIGHTS  OF  LOADED  TRUCKS 


Single-unit  trucks: 

Panel  and  pick-up 

Other  2-axle.  4-tired _ 

Other  2-axle,  6-tired 

Three-axle ; . 

Average. 

Truck  combinations: 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average 

Average,  all  trucks  and  truck  combinations 


6, 321 
9,320 
14, 544 

29, 355 
11,779 

37,141 

0) 
37,223 

18, 196 


4,774 

7,044 

14,  216 

28, 122 

11,  786 

39,  358 

(') 
39, 293 

20,341 


5, 127 
8,770 
12,  221 
24, 104 
10, 247 

34,  726 

(') 
34,  713 

16,  792 


5, 187 
7,872 
13,  227 
25,  595 
10,  978 

36,  557 

(') 

18,214 


5,462 
8,120 
13, 485 

:!2,Kii9 
12,314 

35,  422 
57,614 

36,  405 

2:;,0o:: 


4,990 
6,207 
12,  685 
28,  920 
10,  963 

30,704 

"30,"  704" 
16, 396 


1,800 

6,  738 
12,  420 
24.11.5 
10, 127 

36,711 
19,081 

35, 600 

10,  869 


378 
897 
452 

31  IS 
038 

122 

704 
197 


15,639 


5, 199 

7,227 

12,805 

30,676 

10,  622 

34,371 
33, 259 
34, 312 

18,  862 


5,  681 
8,580 
13,193 
24. 837 

111,776 

40, 843 
51,630 
42,215 

19,  427 


4,  070 
8,  258 
11,246 
25. 169 
11.774 

45,179 
52,  378 
47.771 

22,  028 


t,  660 
8, 277 
12,083 
25.145 
LI,  507 

44,059 
52, 099 
46,  625 


5,  109 
7,816 
12,871 
26,711 
10.  897 

36,  594 

46. 574 

37,  498 


AVERAGE  WEIGHTS  OF  EMPTY  TRUCKS 


Single-unit  trucks: 

rami  and  pick-up 

Other  2-axle,  4-tired       

Other  2-axle,  6-tired 

Three -axle.— 

A  verage 

Truck  combinations: 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average 

Average,  all  trucks  and  truck  combinations 


1,689 

7. 103 
8,  412 
16,899 

6,719 

211,  W.I 
(') 

20,  498 

8,530 


3,976 
4,992 
6,137 
13,339 
6,687 

19,  605 

(') 
19,  623 

9,110 


3,744 
5,740 

6,  898 
11,054 

5,  156 

17,075 
(') 

17,072 

7.  lsl 


3,  937 
5,327 
6,  779 
12,  180 

6,  073 

18,399 

(0 
18,405 

8.232 


4,109 
6,110 
6,  991 
15,048 
6,046 

18,344 
24,391 

18,871 

9,854 


3, 943 
4,680 

7,172 
11,835 
5,502 

15,813 

15,813" 

6,555 


3,730 
4,718 
7,160 
12,248 
5,730 

17, 765 
11,609 
17,528 

7,  834 


4,  273 
5,339 
7,189 
12,  099 
5,579 

15,  830 
15,  773 
15,816 

8,017 


4,057 
5,060 
7, 129 
13, 766 
5,716 

17,094 
20, 130 
17,249 

8, 153 


967 
221 
184 
514 
244 

429 
252 
778 

,228 


:■;,  io» 
5,545 
7,514 
14, 605 
7,324 

21,100 
21,930 
21,531 

10,  520 


3,777 
5.485 
7,328 
14,515 
6,  267 

20,814 
22,  982 
21,606 

8,959 


3,  965 
5,271 
7.Q36 
13,777 
5,932 

17,942 
21,933 
18.  304 


1  Data  omitted  because  of  insufficient  sample. 

Table  7. — Comparison  of  estimated  1947  vehicle-miles  of  travel  on  main  rural  roads  with  corresponding  figures  for  1946 


Regioii  and  yeai 

All  vehicles, 
\ , 'hide-miles 

Passenger  cars  and 
busses  ' 

All  trucks  anil  truck 
combinations 

Single-unit  trucks 

Truck  combinations 

Percentage 
of  all 

vehicles 

Vehicle- 
miles 

Percentage 

of  ail 

vehicles 

Vehicle- 
miles 

Percentage 

of  all 
trucks  and 
truck  com- 
binations 

Vehicle- 
miles 

Percentage 

of  all 
trucks  and 
truck  com- 
binations 

Vehicle- 
miles 

Eastern  regions: 
New  England: 

1946 

Thousands 

5,  713, 086 

6, 298, 391 

1.10 

15,532,600 

17,  207,  662 

1.11 

18, 439,  919 

21, 193.  968 

1.15 

39,  685, 605 

44,  700,  021 

1.13 

23, 563, 034 

26,  432,  337 

1.12 

7,  470,  206 

8,  288, 771 

1.11 

14,971,991 

16,  528,  990 

1.10 

15,721,893 

16,  533,  940 

1.05 

61,  727, 124 

67,  784, 038 

1.10 

7, 476, 867 

8, 324,  525 

1.11 

15, 259, 494 

16,  703.  515 

1.09 

22.736,361 

25,  028.  040 

1.10 

124,149.090 

137,512,099 

1.  11 

83.3 

83.9 

1.01 

80.9 
79.7 
.99 

77.5 
76.7 
.99 

79.7 

78.9 

.99 

84.4 
82.9 
.98 

78.5 

78.2 

.  99 

7  s  5 
77.5 
.99 

77.  2 

75  2 

.97 

SO.  4 
79.1 
.98 

78.1 
78.0 
1.00 

83.2 

80.7 

.97 

81.5 
79.8 
.98 

80.4 
79.2 
.99 

Thousands 

4.  759, 184 

5, 286, 129 

1.11 

12,564,265 

13.711.322 

1.09 

14,  290,  746 

16,  260,  267 

1.  14 

31,614,195 

35,  257,  718 

1.12 

19, 898, 197 
21,923,580 

1.  10 

5,867.  :;;-;i 

6,482,! 

1.  10 

11.755,049 

12,  807.  372 

1.09 

12,  130,  8311 

12,426,948 

1.02 

49,65).  U6 
53,640,865 

1.08 

5, 837.  284 

6,495,071 

1.11 

12,  700,  388 

13,  486,  242 

1.06 

18,  537,  672 
19,981.313 

!    lis 

99,80.:  283 

108,  879.  890 

1.09 

16.7 
16.1 
.96 

19.1 
20.  3 
1.06 

22.5 
23.3 
1.04 

20.3 
21.1 
1.04 

15.6 
17.  1 
1.10 

21.5 

21.8 

1.01 

21.5 

22.5 

1.05 

22.8 

24.8 

1.09 

19.6 
20.9 
1.07 

21.9 
22.0 

1.00 

16.8 
19.3 
1.15 

18.5 
20.2 
1.09 

19.6 
20.8 
1.06 

Thousands 

953.9112 

1.1112.  21.2 

1.06 

2,  968,  335 
3,496,340 

1.18 

4,149.  173 

4,933.701 

1.19 

s.071.  (in 

9,442,303 

1.17 

::,ii64,837 

4,508,757 

1,23 

1.602,875 

1,805,806 

1.13 

3,216,942 

3,721.1.1^ 

1,16 

3,591,054 

4, 106,  992 

1.14 

12,075,708 

14, 143, 173 

1.  17 

1,639,583 

I.S29.454 
1.12 

2,  559, 106 

3,  217,  273 

1.26 

4,  198,  689 

5,  046,  727 

1,20 

24, 345,  807 

28,  632,  203 

1.18 

82.1 
80.1 

.  '.is 

75.  3 
73.7 
.98 

72.9 

73.  2 
1.00 

71   'l 

74.  1 
.99 

66.  7 
64.  4 
.97 

83.1 
81.4 
.98 

78.2 
78.3 
1.00 

75.9 
73.0 
.96 

74.7 
72.7 
.97 

82.0 

82.2 
1.00 

56.  1 
60.9 
1.09 

66.2 
68.6 

1.04 

73.3 
72.5 
.99 

'    Thousands 

783, 031 

811,285 

1.04 

2,  234,  986 

2,  577,  225 

1.15 

3, 025,  426 

3,  609,  723 

1.19 

6.  043,  443 

6.  998,  233 

1.16 

2,  444, 116 

2,  902, 341 

1.19 

1,332,105 

1,469,955 

1.10 

2,  514,  597 

2,  914, 132 

1.16 

2.  724, 193 

2,  998,  788 

1.10 

9.015.011 

111.  2S5.  216 

1.14 

1,343,755 

1,  503, 184 

1.12 

1,435,685 

1,  959,  729 

1.37 

2,  779,  440 
3,462,913 

1.25 

17,837,894 

20,746,362 

1.  16 

17.9 

19.9 

1.  11 

24.7 
26.3 
1.06 

27.1 

26.  s 
.99 

25.  1 

27,  9 
1.03 

33.  3 
35.6 
1.07 

16.9 

18.6 

1.10 

21.8 
21.7 
.1.00 

24.1 
27.0 
1.12 

25.3 

27. .'! 

1.08 

IS. II 

17.8 
.99 

43.9 
39.1 
.89 

33.8 

31.4 
.'93 

26.7 

27. .:. 

1.03 

Thousands 

170, 871 

200, 977 

1.18 

733, 349 

919,115 

1.25 

1,123,747 

1, 323,  978 

1.18 

2,  027,  967 

2,  444.  070 

1.21 

1,  220,  721 

1,606,416 

1.32 

270,  770 

335,851 

1.24 

702,  345 

807,  486 

1.15 

S66.  861 

1, 108,  204 

1.28 

3,  060, 697 
3,857,957 

1.26 

295. 828 

326,  270 

1.10 

1,123,421 

1,  257,  544 

1.12 

1,419,249 

1 .  583, 814 

1.12 

6,  507. 913 

7, 885, 841 

1.21 

1947 . 

1947:  1946  ratio 

Middle  Atlantic: 

1946. __. 

1947 

1947:  1946  ratio   

South  Atlantic: 
1946  ... 

1947 

1947:  1946  ratio.   .. 

Subtotal: 

1946 

1947 

1947:  1946  ratio.      

Central  regions: 

East  North  Central: 
1946 

1947... 

1947:  1946  ratio             

East  South  Central: 
1946 

1947 

1947:  1946  ratio   

West  North  Central: 

1946 

1947 

1947:  1946ratio        

West  South  Central: 

1946  .                             

1947                            

1947:  1946  ratio           

Subtotal: 

1946                                

1947                                                

1947:  1946  ratio       

Western  regions: 
Mountain: 

1946                                         

1947                                            

1947:  1946  ratio                

Pacific: 

1946                                                  

1947 

1947:  1946  ratio       ..   

Subtotal: 

1946                     

1947                                .     

1947:  1946  ratio       

United  States  total: 

1946                          

1947                              

1947'  1946  ratio             - 

i  Percentages  of  total  1947  travel  by  passenger  cars  and  by  busses  is  reported  separately  in  table  5. 
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TRUCK    COMBINATIONS 
^    TRUCKS  ANO  TRUCK  COMBINATIONS,  COMBINED 
SINGLE -UNIT    TRUCKS 


l 


Figure  5. — Average  load  carried  by  trucks 
and  truck  combinations  on  main  rural 
roads,  1936-47. 

load  carried  by  truck  combinations  increased 
from  6.9  tons  to  9.6  tons,  or  39  percent;  and 
the  average  of  all  types  combined  increased 
from  2.9  tons  to  4.8  tons,  or  66  percent. 

Figure  6  shows  a  comparison,  for  each  year 
from  1936  through  1947,  of  the  ton-miles  of 
freight  carried  by  trucks  and  truck  combina- 
tions on  main  rural  roads.  The  chart  demon- 
strates how  truck  combinations  are  transport- 
ing each  year  a  larger  portion  of  the  total 


TRUCKS    AND    TRUCK     COMBINATIONS 


^     TRUCK     COMBINATIONS 
I     SINGLE-UNIT    TRUCKS 


1 


r 


Figure  6. — Estimated  ton-miles  carried  by 
trucks  and  truck  combinations  on  main 
rural  roads,  1936-47. 


amount  of  highway  freight.  In  1936  the  truck 
combinations  accounted  for  approximately  the 
same  ton-mileage  as  the  single-unit  trucks  while 
in  1947  the  ratio  increased  to  more  than  two  to 
one.  The  sharp  increase  in  the  total  ton-mile- 
age during  the  last  3  years  is  especially  striking. 

GREATER  PERCENTAGE  OF  LOADED 
TRUCKS 

In  table  8  is  shown  a  comparison  of  the 
percentage  of  vehicles  carrying  loads,  the 
average  carried  load,  and  the  ton-mileage  car- 
ried for  all  trucks  and  combinations,  for  single- 
unit  trucks,  and  for  truck  combinations  in 
1947  and  in  1946,  by  census  regions.  For  the 
country  as  a  whole,  from  1946  to  1947  the 
percentage  of  trucks  and  truck  combinations 
carrying  loads  increased  from  51.7  percent  to 
53.5  percent,  that  of  single-unit  trucks 
increased  from  46.4  percent  to  48.3  percent, 
while  that  of  truck  combinations  increased 
from  66.2  percent  to  67.1  percent.  These 
increases  are  particularly  interesting  because 
they  reverse  a  trend  of  decreasing  percentages 
of  loaded  vehicles  that  had  prevailed  since 


the  beginning  of  the  war,  due  probably  to  the 
use  of  trucks  as  passenger  cars  during  the 
period  of  gasoline  rationing  and  vehicle  short- 
age. It  is  to  be  noted  than  even  in  1947,  over 
half  of  the  single-unit  trucks  were  empty, 
which  may  reflect  the  continuing  shortage  of 
new  automobiles. 

As  pointed  out  in  the  discussion  of  figure  5, 
the  average  carried  loads  for  the  country  as  a 
whole  wrere  about  the  same  in  1947  as  in  1946. 
Table  8  shows  that  there  was  no  great  change 
in  any  of  the  regions,  the  greatest  increase 
being  7  percent  in  the  Middle  Atlantic  region 
and  the  greatest  decrease  being  9  percent  in 
the  Pacific  region. 

The  ton-mileage  transported  by  all  types  of 
freight-carrying  vehicles,  traveling  on  main 
rural  roads,  increased  about  21  percent  in  1947 
compared  to  1946;  that  by  single-unit  trucks 
increasing  18  percent,  and  that  by  truck  com- 
binations increasing  22  percent.  Increases  of 
the  1947  estimates  over  those  for  1946  were 
found  in  every  region  both  for  single-unit 
trucks  and  for  truck  combinations.  The  per- 
centage increases  for  trucks  and  truck  combi- 
nations combined  ranged  from  9  percent  in  the 


Table  8. — Comparison  of  the  estimated  1947  percentage  of  trucks  and  truck  combinations 
loaded,  average  carried  load,  and  ton-miles  carried  on  main  rural  roads,  with  correspond- 
ing figures  for  1946 


Region  and  year 


Eastern  regions: 
New  England: 

1946 

1947 

1947:  1946  ratio 

Middle  Atlantic: 

1946 

1947 

1947:  1946  ratio 

South  Atlantic: 

1946 

1947 

1947:  1946  ratio 

Subtotal: 

1946 

1947 

1947:  1946  ratio 

Central  regions: 

East  North  Central: 

1946... 

1947 

1947: 1946  ratio 

East  South  Central: 

1946. 

1947 

1947:  1946  ratio 

West  North  Central: 

1946 

1947 

1947:  1946  ratio 

West  South  Central: 

1946.... 

1947.... 

1947:  1946  ratio 

Subtotal: 

1946.... _ 

1947-.. 

1947:  1946  ratio 

Western  regions: 
Mountain: 

1946 

1947 

1947:  1946  ratio 

Pacific: 

1946.... 

1947 

1947:  1946  ratio 

Subtotal: 

1946 

1947 

1947:  1946  ratio 

United  States  total: 

1946 

1947 

1947:  1946  ratio... 


All  trucks  and  truck 
combinations 


Per- 
centage 
loaded 


53. 

55. 

1. 

54. 
54. 


57. 

59. 

1. 

42. 
44. 

1.1 

55. 

55. 

1. 


36.6 
46.1 
1.26 

48.6 
52.6 
1.08 


Aver- 
age 
weight 
of  car- 
ried 
load 


Tons 
3.99 
3.99 
1.00 

4.10 
4.40 
1.07 

4.79 

4.55 

.95 

4.44 
4.44 
1.00 


4.81 
4.92 
1.02 

4.04 
4.21 
1.04 

3.72 
3.77 
1.01 

4.16 

4.14 

.99 

4.24 

4.32 
1.02 


4.88 
5.16 
1.06 

8.12 

7.40 
.91 

7.12 
6.81 


4.84 
4.81 


Ton-miles 
carried 


Thousands 

1,995,842 

2, 187, 043 

1.10 

7, 023, 600 

8, 025, 404 

1.14 

10,637,066 

12, 505, 330 

1.18 

19, 656,  508 

22, 717, 777 

1.16 


10,081,218 

13,116,456 

1.30 

2, 761,  538 

3, 384, 394 

1.23 

6,585,211 

7,831,725 

«  1.19 

5,461,533 

7, 832, 121 

1.43 

24, 889, 500 

32, 164, 696 

1.29 


3, 463, 639 

3,  763,  238 

1.09 

12, 882, 143 

14, 964, 484 

1.16 

16.345,782 

18,  727,  722 

1.15 

60,891,790 

73, 610, 195 

1.21 


Single-unit  trucks 


Per- 
centage 
loaded 


48.2 

50.5 

1.05 

55.8 
48.9 


48.4 
51.6 
1.07 

51.1 
50.4 


50.5 
52.8 
1.05 

38.6 
39.4 
1.02 

52.2 
53.0 
1.02 

31.3 
41.2 
1.32 

43.4 
47.6 
1.10 


38.1 
34.5 
.91 

53.3 

54.9 

1.03 

46.0 

46.0 

1.00 

46.4 
48.3 
1.04 


Aver- 
age 
weight 
of  car- 
ried 
load 


Tons 

2.24 

2.10 

.94 

2.18 
2.35 
1.08 

2.38 

2.16 

.91 

2.29 
2.22 


2.17 
2.18 
1.00 

2.54 
2.52 


1.97 
1.93 


2.65 

2.51 

.95 

2.26 

2.22 

.98 


2.59 
2.61 
1.01 

2.45 

2.35 

.96 

2.51 
2.43 

.97 

2.31 

2.26 


Ton-miles 
carried 


Thousands 

844, 357 

860, 482 

1.02 

2,  719,  736 

2,  965, 474 

1.09 

3, 494, 145 

4.021.J77 

1.15 

7,  058,  238 

7, 847. 333 

1.11 


2, 685, 088 

3, 337, 759 

1.24 

1,304,071 

1,455,767 

1.12 

2,  582,  219 

2,  984,  823 

1.16 

2, 264, 895 

3, 105,  980 

1.37 

8, 836, 273 

10, 884, 329 

1.23 


1,327,577 

1,354,717 

1.02 

1, 878, 801 

2,  523,  948 

1.34 

3,  206,  378 
3, 878, 665 

1.21 

19,100,889 

22,  610,  327 

1.18 


Truck  combinations 


Per- 
centage 
loaded 


57.2 

69.0 

1.21 

63.4 

61.2 

.97 

67.0 

66.8 

1.00 

66.1 

64.9 
.98 


70.6 
70.5 
1.00 

62.6 
67.3 
1.08 

65.2 
66.3 
1.02 

53.2 

59.3 

1.11 

63.7 
66.1 
1.04 


.96 

73.1 
75.3 
1.03 

71.8 
73.0 
1.02 

66.2 

67.1 

1.01 


Aver- 
age 
weight 
of  car- 
ried 
load 


Tons 
9.40 
9.56 
1.02 

9.25 

8.99 
.97 

9.48 
9.58 
1.01 

9.39 
9.37 
1.00 


8.59 
8.63 
1.00 

8.60 
8.54 


8.74 
9.05 
1.04 

6.93 
7.19 
1.04 

8.23 
8.34 
1.01 


10.81 
11.48 
1.06 

13. 40 

13.14 


12.90 
12.84 
1.00 

9.70 

9.63 

.99 


Ton-miles 
carried 


Thousands 

1,151,485 

1,  326,  561 

1.15 

4,303,864 

5, 059,  930 

1.18 

7, 142,  921 

8, 483, 953 

1.19 

12,  598, 270 

14,870,444 

1.18 


7,  396, 130 

9,  778,  697 

1.32 

1,457/467 

1,928,627 

1.32 

4,  002,  992 

4,846,902 

1.21 

3.196,638 

4,  726, 141 

1.48 

16, 053, 227 

21,280,367 

1.33 


2, 136,  062 

2, 408,  521 

1.13 

11,003,342 

12,  440.  536 

1.13 

13,139,404 

14, 849, 057 

1.13 

41,790,901 

50,  999,  868 

1.22 
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Table  9.— Percentage  of  vehicle-miles  of  travel,  percentage  loaded,  average  carried  load,  and  percentage  of  total  ton-miles  carried  by 
various  types  of  trucks  and  truck  combinations  on  main  rural  roads  in  the  summer  of  1947 


Vehicle  type 


Eastern  regions 


New 
England 


Middle 
Atlantic 


South 
Atlantic 


Average 


Central  regions 


East 
North 
Central 


East 
South 
Central 


West 
North 
Central 


West 
South 
Central 


Average 


Western  regions 


Moun- 
tain 


Pacific 


Average 


PERCENTAGE  OF  VEHICLE-MILES  OF  TRAVEL 


Single-unit  trucks: 

Panel  and  pick-up _ 

Other  2-axle,  4-tired .  _ 

Other  2-axle,  6-tired 

Three-axle 

All  single-unit  trucks. 

Truck  combinations: 

Tractor-truck  and  semitrailer.. 

Truck  and  trailer 

All  truck  combinations 

All  trucks  and  truck  combinations 


34.02 
3.30 

40.68 
2.15 

80.15 

19.76 

.09 
19.85 

100. 00 


23.42 
7.60 

39.46 
3.23 

73.71 

26.15 

.14 

26.29 

100. 00 


29.25 
3.23 

36.91 
3.77 

73.16 

26.77 

.07 

26.84 

100. 00 


27.60 
4.86 

38.26 
3.40 

74.12 

25.79 

.09 

25.88 

100. 00 


23. 15 
1.19 

36.19 
3.84 

64.37 

34.12 

1.51 

35.63 

100. 00 


33.59 
3.03 

43.19 
1.59 

81.40 

18.60 
"ll'M 

100. 00 


24.88 

5.36 

47.14 

.92 

78.30 

20.73 

.97 

21.70 

100. 00 


36.77 

2.51 

32.  85 

.89 

73.02 

25.36 
1.62 


100. 00 


28.89 
2.91 

:is.  90 

1.93 

72.72 

26.07 

1.21 

27.28 

100. 00 


43.73 
1.96 

34.32 
2.16 

82.17 

15.01 
2.82 
17.83 

100.  00 


20.19 
8.49 
18.80 
13.43 
60.91 

23.33 
15.  76 
39.09 

100.  00 


->s  72 
6.12 

27.  43 
9.35 

68.62 

20.31 
11.07 
31.38 

100. 00 


PERCENTAGE  LOADED 


Single-unit  trucks: 

Panel  and  pick-up 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Three-axle 

Average.. 

Truck  combinations: 

Tractor-truck  and  semitrailer 

Truck  and  trailer.— 

Average.. ___ 

Average,  all  trucks  and  truck  combinations 


AVERAGE  CARRIED  LOAD,  IN  TONS 


Single-unit  trucks: 

Panel  and  pick-up 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired. 

Three-axle. .._ 

Average 

Truck  combinations: 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average 

Average,  all  trucks  and  truck  combinations 


.73 
1.43 
2.87 
6.31 
2.10 

9.50 

18.99 
9.56 


.42 

.93 

3.01 

8.05 

2.35 

9.00 


.64 
1.45 
2.69 
5.66 
2.16 

9.59 
7.81 
9.58 

4.55 


.59 
1.18 
2.83 
6.39 
2.22 

9.36 
9.53 
9.37 

4.44 


.61 

.92 

2.66 

4.79 

2.18 

8.36 
16.60 
8.63 

4.92 


3.12 
9.77 
2.52 

8.54 

~8."54 

4.21 


.52 

1.02 
2.55 
5.15 
1.93 

9.36 
3.21 
9.05 

3.77 


.82 
1.79 
4.13 
8.53 
2.51 

7.50 
3.61 
7.19 

4.14 


1.17 
2.98 
5.65 
2.22 

8.37 
7.72 
8.34 

4.32 


1.94 
3.41 
6.46 
2.61 

10.87 
15.15 
11.48 

5.16 


.46 
1.51 
2.39 
5.38 
2.35 

11.97 

15.22 
13.14 

7.40 


.65 
1.54 
2.85 
5.47 
2.43 

11.72 
15. 22 
12.84 

6.81 


PERCENTAGE  OF  TON-MILEAGE  CARRIED 


Single-unit  trucks: 

Panel  and  pick-up. 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Three-axle 

All  single-unit  trucks 

Truck  combinations: 

Tractor-truck  and  semitrailer.. 

Truck  and  trailer... 

All  truck  combinations 

All  trucks  and  truck  combinations 


5.12 

1.79 

3.11 

2.84 

2.08 

2.51 

2.74 

6.16 

3.28 

4.82 

.90 

1.69 

1.18 

1.19 

.91 

1.03 

.23 

.54 

1.32 

1.10 

.74 

.67 

1.86 

1.62 

29.62 

28.58 

22. 73 

25.46 

19.21 

35.41 

32.79 

31.03 

27.10 

27.10 

5.79 

10.07 

3.42 

5.39 

5.41 

5.21 

3.93 

4.55 

1.26 

1.37 

2.72 

3.41 

8.32 

7.33 

39.34 

36.  95 

32.16 

34.54 

25.45 

43.01 

38.11 

39.66 

33.84 

36.00 

16.87 

20.71 

59.95 

62.60 

67.69 

65.15 

69.83 

56.99 

60.78 

58.00 

63.40 

52.07 

48.44 

49.17 

.71 

.45 

.15 

.31 

4.72 

1.11 

2.34 

2.76 

11.93 

34.69 

30.12 

60.66 

63.05 

67.84 

65.46 

74.55 

56.99 

61.89 

60.34 

66.16 

64.00 

83.13 

79.29 

100.  00 

100. 00 

100. 00 

100.  00 

100. 00 

100. 00 

100.  00 

100. 00 

100. 00 

100. 00 

100.00 

100.00 

United 
'States 
average 


44.6 

41.6 

42.1 

42.3 

42.6 

25.9 

44.9 

38.8 

39.2 

23.7 

45.7 

33.5 

53.8 

38.7 

49.2 

43.4 

61.8 

39.0 

50.6 

46.9 

49.6 

36.3 

67.3 

63.7 

54.9 

55.3 

58.0 

56.6 

58.1 

49.3 

57.5 

43.7 

53.1 

47.4 

60.0 

53.6 

54.7 

47.6 

64.2 

57.7 

62.1 

54.8 

56.0 

34.6 

56.9 

48.9 

53.6 

53.2 

50.5 

48.9 

51.6 

50.4 

52.8 

39.4 

53.0 

41.2 

47.6 

34.5 

54.9 

46.0 

68.9 

61.1 

66.7 

64.8 

71.2 

67.3 

65.9 

58.2 

66.1 

65.6 

80.7 

76.7 

88.6 

86.2 

72.8' 

81.5 

54.9 

75.2 

76.2 

67.5 

57.4 

67.3 

66.3 

69.0 

61.2 

66.8 

64.9 

70.5 

67.3 

66.3 

59.3 

66.1 

64.4 

75.3 

73.0 

54.1 

52.1 

55.7 

54.2 

59.1 

44.6 

55.9 

46.1 

52.6 

39.8 

62.8 

54.5 

28.44 
4.12 

36.18 
3.72 

72.46 

24.96 

2.58 

27.54 

100.  00 


39.2 
50.9 
54.4 
55.5 
48.3 

67.2 
66.8 
67.1 

53.5 


.63 
1.29 
2.91 
5.80 
2.26 

9.25 
13.38 
9.63 

4.81 


2.74 
1.06 

22.26 
4.66 

30.72 

60.32 

8.96 

69.28 

100.00 


Mountain  region  to  43  percent  in  the  West 
South  Centra]  region. 

Table  9  gives  detailed  information  concern- 
ing the  percentage  distribution  of  vehicle- 
miles  of  travel,  the  percentage  of  vehicles 
carrying  loads,  the  average  carried  load, 
and  the  percentage  distribution  of  ton-miles 
transported  by  each  type  of  vehicle  in  each  of 
the  census  regions.  Many  interesting  and 
useful  comparisons  can  be  made  from  this 
table.  For  instance,  while  panel  and  pick-up 
trucks  in  the  New  England  region  travel  34 
percent  of  the  vehicle-miles,  they  account  for 
only  5  percent  of  the  ton-mileage;  in  the  same 
region  the  tractor-semitrailer  combinations 
travel  less  than  20  percent  of  the  vehicle- 
miles  but  account  for  almost  60  percent  of  the 
ton-mileage. 

From  the  portion  of  table  9  showing  the 
percentage  of  vehicles  carrying  loads,  by 
types,  it  can  be  observed  that,  for  the  country 
as  a  whole,  the  panel  and  pick-up  trucks  are 


found  empty  over  60  percent  of  the  time, 
probably  indicating  that  they  are  being  used 
frequently  for  the  transportation  of  persons  in 
lieu  of  passenger  cars.  The  percentage  of 
vehicles  carrying  loads  increases  directly  as  the 
size  of  the  vehicle  type,  and  the  truck-com- 
bination type  is  loaded  67  percent  of  the  time. 
There  are  variations  from  the  general  trend 
in  some  regions  because  of  local  conditions, 
as  would  be  expected. 

The  detailed  data  concerning  the  average 
carried  load  for  the  various  vehicle  types 
show  that  carried  loads  increase  regularly 
as  the  size  of  the  vehicle-type  increases  ex- 
cept that,  in  some  regions,  average  carried 
load  for  the  truck  and  trailer  combinations  is 
low,  probably  due  to  the  prevalence  of  light 
home-made  types  of  trailers. 

The  percentages  of  ton-mileage  carried  by 
vehicle  types  are  particularly  useful  in 
judging  the  relative  importance  of  any  portion 
of    the    freight-carrying    traffic.     The    table 


shows  that  the  bulk  of  all  freight  movement 
in  each  area  is  hauled  in  the  heavier  vehicles. 
As  has  been  pointed  out  previously,  the  data 
collected  in  past  surveys  indicate  that  travel 
by  the  heavier  vehicles  is  steadily  increasing, 
a  fact  that  will  make  a  comparison  of  future 
tables  of  this  type  with  that  for  1947  off  great 
importance. 

Figure  7  shows,  for  the  United  States  as  a 
whole,  the  frequency  of  gross  weights  of 
30,000  pounds  or  more,  of  40,000  pounds  or 
more,  and  of  50,000  pounds  or  more.  These 
heavy  weights  are  much  more  frequent  than 
in  the  prewar  (1936-41)  period.  The  fre- 
quency in  the  heaviest  category  did  not 
increase  from  1946  to  1947,  however,  and 
those  in  the  other  two  categories  declined 
somewhat,  indicating  that  the  upward  trend 
in  gross  weight  frequencies  may  have  been 
halted,  at  least  temporarily. 

The  gross  weight  data  by  vehicle  type  and, 
region  are  presented  in  table  10.     Heavy  gross 
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Table  LO  —Number  of  heavy  gross  weights  per  1,000  loaded  and  empty  trucks  and  truck  combinations  of  various  types  on  main  rural 

roads  in  the  summer  of  1947  and  of  all  types  in  the  corresponding  period  of  1946 


Vehicle  I  \  pe 


Eastern  regions 


New 
England 


Middle 
Atlantic 


South 
Atlantic 


Average 


Central  regions 


East 
North 
Central 


East 
South 
Central 


West 
North 
Central 


West 
South 
Central 


Average 


Western  regions 


Moun- 
tain 


Pacific 


Average 


United 
States 
average 


NUMBER  PER  1,000  WEIGHING  30,000  POUNDS  OR  MORE 


Single-unil  trucks: 

Panel  and  pick-up  -  

i  ither  2-axle,  4-tired     

Other  2-axle,  6-tired.    

Three-axle      

Average 

Truck  combinal  ions: 

Tractor-truck  and  semitrailer. 

Truck  and  trailer .-- 

Average  


A  verage,  all  trucks  and  truck  combinations,  1047- 
\  verage,  all  trucks  and  truck  combinations,  1946. 


o 
3 

22 

251 

IS 

515 
689 
510 

127 

118 


0 
0 

10 
181 

12 

432 

90 

430 

116 

140 


0 

0 

1 

102 

4 

427 

0 

427 

95 
125 


0 
(i) 

9 
140 

9 

436 
121 
436 

107 
133 


0 
0 
0 
230 
4 

480 

051 
490 

154 
104 


0 
I) 
0 
164 
3 

426 

0 
426 

79 
121 


0 
0 
1 
96 
2 

484 

2 

464 

123 

112 


0 

0 

(0 

80 

1 

332 
110 
319 


0 
0 

or 

187 


432 
413 
431 

110 
124 


0 

0 

1 

123 

4 

475 
723 
519 


92 


0 

0 

1 

186 

21 

578 
712 
628 

197 
193 


0 

0 

1 

181 

14 

548 
713 
603 

158 
154 


0 
(') 

3 
171 

6 

449 
617 
464 

120 
132 


NUMBER  PER  1,000  WEIGHING  40.000  POUNDS  OR  MORE 


Single-unit  trucks: 

Panel  and  pick-up - 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Three-axle 

Average 

Truck  combinations: 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average 


Average,  all  trucks  and  truck  combinations,  1947- 
Average,  all  trucks  and  truck  combinations,  1946. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

(') 

0 

0 

0 

0 

0 

0 

(') 

(') 

115 

31 

0 

19 

10 

32 

9 

35 

15 

24 

28 

27 

3 

o 

0 

1 

(0 

1 

(') 

(') 

(>) 

1 

3 

2 

285 

215 

173 

198 

227 

132 

236 

114 

187 

273 

433 

385 

689 

0 

0 

67 

405 

0 

0 

75 

236 

436 

453 

451 

292 

213 

173 

198 

241 

132 

224 

112 

189 

298 

441 

408 

64 

55 

39 

48 

76 

25 

55 

31 

50 

52 

120 

95 

53 

80 

44 

58 

80 

41 

45 

18 

47 

53 

133 

102 

0 
0 

(') 

22 
1 

217 
386 
232 

57 
60 


NUMBER  PER  1,000  WEIGHING  50,000  POUNDS  OR  MORE 


Single-unit  trucks: 

Panel  and  pick-up 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Three-axle... __- 

Average __ 

Tfuck  combinations: 

Tractor-truck  and  semitrailer- 
Truck  and  trailer 

Average 


Average,  all  trucks  and  truck  combinations,  1947 
A  verage,  all  trucks  and  truck  combinations,  1946. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11 

0 

0 

1 

10 

0 

9 

18 

10 

0 

0 

0 

0) 

0 

0 

0) 

(') 

0 

(') 

(') 

(') 

0 

0 

0 

74 

58 

34 

46 

88 

14 

93 

26 

64 

150 

314 

265 

689 

0 

0 

67 

356 

0 

0 

75 

182 

321 

371 

366 

82 

57 

34 

47 

104 

14 

88 

29 

70 

180 

337 

301 

17 

14 

8 

11 

45 

3 

20 

8 

22 

31 

87 

67 

9 

25 

6 

13 

36 

4 

14 

6 

17 

31 

104 

75 

0 
0 
0 
3 
(') 


163 
92 


20 
26 


'  Less  than  5  in  10,000. 


weights  are  much  more  frequent  in  the  Pacific 
region  than  in  other  parts  of  the  country: 
87  out  of  each  1,000  trucks  and  truck  com- 
binations on  the  main  rural  highways, 
empties  included,  weighed  50,000  pounds  or 
more  in  1947.  This,  however,  is  a  drop  from 
the  1946  figure  of  104  for  each  1,000  in  this 
heavy  category.  These  vehicles  are  entirely 
of  the  truck-combination  type;  approximately 
one-third  of  all  combinations  observed,  or 
approximately  one-half  of  the  loaded  ones, 
weighing  50,000  pounds  or  more.  In  the 
South  Atlantic  and  the  two  South  Central 
regions,  these  heavy  gross  weights  -were  less 
than  one-tenth  as  frequent  as  in  the  Pacific 
region. 

HEAVY  AXLE  LOADS  MORE  FREQUENT 

From  figure  8,  the  rapid  increase  in  heavy 
axle-load  frequencies  since  the  prewar  (1936- 
41)  period  is  apparent.  Axle  loads  in  excess 
of  22,000  pounds  increased  in  frequency  year 
by  year  throughout  the  period,  rising  from 
2  per  1,000  vehicles  in  the  prewar  year 
14  per  1,000  vehicles  in  1947,  an  increase  of 
almost  600  percent.  Somewhat  lesser  increases 
occurred  in  the  frequencies  of  axle  loads  from 
18,000  to  22,000  pounds. 
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Since  the  increases  in  axle-load  frequencies 
are  of  the  greatest  significance  in  road  and 
bridge  design,  it  is  worth  while  to  examine  the 
data  by  vehicle  type  and  region,  as  presented 
in  table  11.  Though  the  greatest  frequency 
of  heavy  gross  weights  is  in  the  Pacific  region, 
as  previously  shown,  the  lowest  frequency  of 
heavy  axle  loads  is  in  that  same  region.  The 
greatest  frequency  is  in  the  Middle  Atlantic 
region,  and  the  next  greatest  in  the  New  Eng- 
land region.  Further,  the  frequency  of  axle 
loads  of  22,000  pounds  or  more  increased  from 
1946  to  1947  in  each  region  except  theTacific 
and  Mountain  regions,  where  the  compara- 
tively low  values  of  1946  continued  to  prevail. 

The  relative  infrequency  of  heavy  axle 
loads  in  the  Pacific  region  in  the  presence  of  a 
high  frequency  of  heavy  gross  weights 
undoubtedly  indicates  a  better  distribution  of 
load  over  a  larger  number  of  axles,  on  the 
average.  In  the  Middle  Atlantic  and  New- 
England  regions,  however,  it  is  the  tractor- 
truck-semitrailer  combinations  rather  than 
single-unit  trucks  which  account  for  most  of 
the  heavy  axle  loads.  This  may  be  due  to 
differences  in  the  design  of  the  prevalent  types 
of  combinations,  to  differences  in  State  laws, 
or  to  differences  in  enforcement  practices. 


TRUCKS  WEIGHING  30,000  POUNDS  OR  MORE 
TRUCKS  WEIGHING  40,000  POUNDS  OR  MORE 
TRUCKS    WEIGHING     SO.OOO    POUNDS    OR  MORE 


i 


Figure  7. — Number  of  heavy  gross  weights 
per  1,000  trucks  and  truck  combinations 
(empties  included)  in  the  summers  of 
1942—47  and  a  pretvar  year. 
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Table  11. — Number  of  heavy  axle  loads  per  1,000  loaded  and  empty  trucks  and   truck  combinations  of  various  types  on  main  rural  roads 

in  the  summer  of  1947  and  of  all  types  in  1946 


Vehicle  type 


Eastern 

regions 

Central  regions 

Western  regions 

New 
England 

Middle 

Atlantic 

South 
Atlantic 

Average 

East 
North 
Central 

East 
South 
Central 

West 
North 
Central 

West 
South 
Central 

A  \  erage 

Moun- 
tain 

Pacific 

Average 

i  oited 

States 
average 


NUMBER  PER  1,000  WEIGHING  18,000  POUNDS  OR  MORE 


Single-unit  trucks: 

Panel  and  pick-up. 

Other  2-axle,  4-tired. 

Other  2-axle,  6-tired 

Three-axle 

Average  

Truck  combinations: 

Tractor-truck  and  semitrailer _.. 

Truck  and  trailer. 

A  verage _ .  _ 

Average,  all  trucks  and  truck  combinations,  1947 
Average,  all  trucks  and  truck  combinations,  1946 


0 

1 

0 

(') 

0 

3 

0 

0 

(') 

0 

0 

0 

10 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

51 

47 

13 

30 

8 

22 

5 

6 

9 

15 

15 

15 

105 

46 

15 

32 

65 

37 

23 

38 

53 

32 

33 

33 

28 

32 

7 

19 

6 

14 

3 

3 

5 

7 

15 

12 

401 

510 

282 

380 

223 

200 

226 

152 

200 

189 

145 

158 

0 

100 

0 

55 

473 

0 

2 

123 

252 

77 

68 

69 

401 

508 

281 

:-'.77 

237 

200 

214 

150 

203 

169 

114 

127 

120 

152 

74 

109 

103 

54 

57 

43 

66 

35 

44 

41 

88 

151 

80 

107 

93 

!9 

49 

13 

50 

46 

42 

44 

(') 
(') 

17 
38 

7 

258 

no 

245 


68 


NUMBER  PER  1,000  WEIGHING  20,000  POUNDS  OR  MORE 


Sinelo-unit  trucks: 

Panel  and  pick-up.. 

Oilier  2-axle,  4-tired..  

Other  2-axle,  6-tired 

Three-axle 

Average    

Truck  combinations: 

Tractor -truck  and  semitrailer 

Truck  and  trailer _. 

Average 

Average,  all  trucks  and  truck  combinations,  1947 
Average,  all  trucks  and  truck  combinations,  1946 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

0 

0 

(') 

0 

0 

0 

0 

0 

0 

0 

0 

33 

28 

5 

17 

3 

6 

1 

0 

2 

7 

4 

5 

44 

25 

10 

18 

(1 

12 

9 

19 

5 

0 

3 

3 

18 

19 

3 

9 

2 

3 

1 

to 

1 

3 

3 

3 

246 

316 

120 

205 

77 

79 

73 

56 

70 

75 

41 

51 

0 

0 

0 

0 

183 

0 

2 

63 

102 

13 

4 

0 

240 

314 

120 

21 1 1 

83 

79 

69 

56 

72 

64 

26 

35 

74 

93 

32 

59 

36 

22 

18 

15 

23 

13 

9 

11 

50 

85 

27 

51 

27 

16 

13 

4 

15 

16 

6 

10 

(') 


115 
34 
108 

33 
26 


NUMBER  PER  1,000  WEIGHING  22,000  POUNDS  OR  MORE 


Single-unit  trucks: 

Panel  and  pick-up 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Three-axle 

Average  

Truck  combinations: 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average 

Average,  all  trucks  and  truck  combinations,  1947 
Average,  all  trucks  and  truck  combinations,  1946 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

0 

II 

1 

0 

0 

0 

0 

0 

0 

•  0 

0 

(') 

19 

14 

o 

9 

0 

1 

(') 

0 

(') 

2 

2 

2 

3 

4 

6 

10 

8 

0 

0 

9 

0 

1 

0 

0 

0 

3 

10 

9 

2 

4 

0 

(') 

0) 

0 

(') 

1 

1 

1 

2 

150 

171 

42 

100 

24 

28 

17 

19 

22 

31 

5 

13 

48 

0 

0 

II 

0 

48 

0 

0 

16 

27 

2 

1 

1 

8 

150 

170 

42 

100 

25 

28 

16 

19 

22 

26 

3 

9 

45 

40 

50 

12 

29 

■    10 

9 

-5 

5 

7 

5 

2 

3 

14 

21 

42 

HI 

23 

6 

5 

3 

1 

4 

5 

2 

3 

10 

i  Less  than  5  in  10,000. 


Figure  8. — Number  of  heavy  axle  loads  per 
1,000  trucks  and  truck  combinations 
(empties  included)  in  the  summers  of 
1942-47  ana  a  prewar  year. 


Table  12  shows  that  the  high  frequency  of 
heavy  axle  loads  in  the  Middle  Atlantic  and 
New  England  regions,  as  compared  to  the 
Pacific  region,  was  probably  not  due  to  differ- 
ences in  enforcement  practices.  In  the  Pacific 
region,  58  of  each  1,000  trucks  and  truck  com- 
binations were  overloaded,  according  to  State 
laws,  as  compared  to  41  for  the  Middle 
Atlantic  and  35  for  the  New  England  regions. 
The  number  of  overloaded  truck  combinations 
per  1,000  vehicles  of  this  type  was  155  in  the 
Pacific  region,  123  in  the  Middle  Atlantic 
region,  and  129  in  the  New  England  region. 
The  figures  do  show,  however,  that  the  over- 
loading of  truck  combinations  considerably  in 
excess  of  legal  limits  was  slightly  less  common 
in  the  Pacific  region  than  in  the  Middle 
Atlantic  and  New  England  regions.  The 
number  of  combinations  overloaded  more  than 
20  percent  above  the  legal  limit  per  1,000 
vehicles  of  that  type  amounted  to  16  in  the 
Pacific,  24  in  the  Middle  Atlantic,  and  19  in 
the  New  England  region. 

RECOMMENDED  WEIGHT  LIMITS 

Uniform  regulations  concerning  maximum 
allowable  gross  weights,  axle  weights,  and 
axle-group  weights  have  been  adopted  as  a 


policy  by  the  American  Association  of  State 
Highway  Officials  and  recommended  to  the 
various  State  governments  for  adoption.6 
This  policy  recommends  that  no  axle  shall 
carry  a  load  in  excess  of  18,000  pounds  and 
no  group  of  axles  shall  carry  a  load  in  excess 
of  amounts  specified  in  a  table  of  permissible 
weights  based  on  the  distance  between  the 
extremes  of  any  group  of  axles. 

The  data  indicate  that  the  recommended 
axle-load  limits  are  exceeded  more  frequently 
than  are  the  other  weight  limits.  In  table  13 
is  shown  the  number  of  axles  per  1,000  vehicles 
of  various  types  that  exceeded  the  axle-load 
limit  of  18,000  pounds  recommended  by  the 
A.  A.  S.  H.  O.,  and  the  number  exceeding 
these  limits  by  various  percentages.  This 
table  emphasizes  again  the  high  frequency  of 
heavy  axle  loads  in  the  Middle  Atlantic  and 
New  England  regions. 

{Text  continued  on  page  137.     Tables  It-lb  are  on 
pages  164-15S.) 


«  Policy  concerning  maximum  dimensions,  weights,  andspeeds 
of  motor  vehicles  to  be  operated  over  the  highways  of  the  United 
Slates,  adopted  April  1,  1946,  by  the  American  Association 
of  State  Highway  Officials;  published  by  the  Association, 
1946. 
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Table  12.— Number  of  trucks  and  truck  combinations,  per  1,000 
loaded  and  empty  vehicles,  that  exceeded  the  permissible  axle, 
axle-group,  or  gross -weight  hues  in  effect  in  the  States  by  various 
percentages  (maximum)  of  overload,  in  the  summer  of  1947 


Table  13. — Number  of  axles,  per  1,000  loaded  and  empty  trucks 
and  truck  combinations,  that  exceeded  the  permissible  axle-load 
limit  of  18,000  pounds  recommended  by  the  A.  A.  S.  H.  O.  by 
various  percentages  of  overload,  in  the  summer  of  1947 


Region  an<l  type  (if  vehicle 


New  England: 

Panel  and  pick-up 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Three-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations 

A  vg.,  all  trucks  and  combinations. . 
Middle  Atlantic: 

Panel  and  pick-up. 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Three-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations. . 
South  Atlantic: 

Panel  and  pick-up 

Other  2-axle,  4-tired. 

Other  2-axle,  6-tired... 

Three-axle -  -  - 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer. 

Truck  and  trailer 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations. . 
East  North  Central: 

Panel  and  pick-up 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Three-axle 

Average,  single-unit  trucks 

Tractor-truck  and  sem  itrailer 

Truck  and  trailer 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations. . 
East  South  Central: 

Panel  and  pick-up _. 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Three-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations. . 
West  North  Central: 

Panel  and  pick-up 

Other  2-axle,  4-tired _. 

Other  2-axle,  6-tired 

Three-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer. 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations.. 
West  South  Central: 

Panel  and  pick-up 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Three-axle... 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations. . 
Mountain: 

Panel  and  pick-up 

Other  2-axle,  4-tired 

'    Other  2-axle,  6-tired 

Three-axle. .._ 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer.  ... 
Truck  and  trailer. 

Average,  truck  combinations. . . 
Avg.,  all  trucks  and  combinations 
Pacific: 

Panel  and  pick-up.  _ 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Three-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 
Truck  and  trailer 

Average,  truck  combinations 
Avg.,  all  trucks  and  combinations. 
United  States  average: 
Panel  and  pick-up  ... 
Other  2-axle,  4-tired  . 
other  2-axle,  6-tired. ... 
Three-axle 

Average,  single-unit  trucks...  LI 
Tractor-truck  and  semitrailer 
Truck  and  trailer 

Average,  truck  combinations 
Avg.,  all  trucks  and  combinations 


Number 
per  1,000 
over- 
loaded 


19 
69 
12 
126 
689 
129 
35 


14 
89 
11 

124 


123 
41 


4 

34 

4 

186 


185 
53 


1 
277 

19 
177 
307 
184 

77 


122 


122 
26 


1 

59 

1 

183 


173 
38 


3 
29 
2 
108 
97 
107 
30 


4 
32 

3 
148 
134 
146 


10 
26 
9 
151 
160 
155 
58 

(■) 
(') 

5 
78 

7 
154 
159 
154 


Number  per  1,000  overloaded  more 
than— 


5  per- 
cent 


16 
52 

10 
89 
689 
92 
26 


86 
29 


3 

34 

3 

138 

138 
39 


1 
204 

14 
139 
261 
146 

61 


3 

71 

3 

92 

"92 

20 


(') 

42 

1 

129 

122 
27 


4 
16 
2 
105 
93 
103 
20 


4 
57 
5 
113 
109 
113 
34 


10  per- 
cent 


59 


6 
43 

5 
54 

"54 
18 


3 

30 

3 


98 


1 

158 

11 

101 

220 

ins 

45 


1 
60 
2 

54 

"54 
12 


0) 
32 
(') 
79 

75 
16 


20  per- 
cent 


2 
26 

2 
24 


2 
25 

2 
39 

39 
12 


136 
9 
51 

139 
56 
26 


1 
48 

1 
25 

25 

5 


(') 

9 

(') 

30 

"28 

6 


(>) 
21 
85 
25 


(') 
32 
16 
29 
5 


30  per- 
cent 


(') 

15 

1 

14 

"l4 
4 


11 
30 
87 
33 
19 


39 
1 

6 

~~6 
2 


(') 

9 

(') 

13 

'l2 

3 


(') 
11 

3 
10 

2 


(') 
6 
1 
4 

1 


0) 
16 
1 
14 
13 
14 
4 


50 
I  ler- 
cent 


Region  and  type  of  vehicle 

Num- 
ber per 
1,000 
over- 
loaded 

Number  per  1,000  overloaded 
than — 

more 

5  per- 
cent 

10  per- 
cent 

20  per- 
cent 

30  per- 
cent 

50 
per- 
cent 

New  England: 

10 
39 
91 
23 
451 

Other  2-axle,  6-tired 

38 

56 

21 

371 

32 

49 

18 

285 

20 

8 

10 

161 

12 

6 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

6 

72 

3 
8 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations. 
Middle  Atlantic- 

449 

108 

369 
90 

284 
71 

160 

40 

72 

19 

8 
4 

Other  2-axle,  6-tired 

32 

46 

19 

503 

29 

34 

17 

418 

24 

31 

14 

327 

15 

6 

8 

195 

6 

1 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

3 

105 

1 
25 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations 

South  Atlantic: 

500 
146 

415 
122 

325 
96 

194 

57 

104 
30 

25 

7 

Other  2-axle,  6-tired... 

5 

15 

3 

259 

4 

10 

3 

185 

3 
10 

2 

126 

2 

10 

2 

45 

I 

5 

1 

17 

~"~5 

(') 
5 

Three-axle 

Average,  single-unit  trucks. 

Tractor-truck  and  semitrailer 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations... 
East  North  Central: 

258 
71 

184 
52 

126 
35 

45 
14 

17 
5 

5 

1 

Other  2-axle,  4-tired.. 

Other  2-axle,  6-tired  . 

1 
119 
8 
199 
520 
217 
82 

1 

1 

23 

2 

136 

347 

148 

54 

1 
23 
2 

80 
225 
88 
32 

23 

2 

26 

76 
29 
12 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer..  .     .. 

9 
18 
10 

4 

0) 
"0) 

(') 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations. . . 
East  South  Central: 
Panel  and  pick-up.. 

Other  2-axle,  6-tired 

4 

18 

3 

163 

3 

18 

2 

114 

1 
18 

1 
69 

1 

9 

1 

26 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

5 

1 

Average,  truck  combinations. 

Avg.,  all  trucks  and  combinations 

West  North  Central: 
Panel  and  pick-up    . 

163 
33 

114 
23 

69 
14 

26 
6 

5 
1 

1 

Other  2-axle,  6-tired     

1 
23 

1 
207 

1 

11 

1 

158 

(') 
9 

(') 

77 

(') 

9 

0) 

23 

0) 

.... 

Three-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

(') 
6 

"1 

Average,  truck  combinations 

A  vg. ,  all  trucks  and  combinations 

West  South  Central: 
Panel  and  pick-up 

196 
43 

149 

33 

73 
16 

22 

5 

6 
1 

1 

Other  2-axle,  4-tired  

Other  2-axle,  6-tired 

3 

35 
2 
129 
145 
130 
37 

2 
35 
1 
98 
145 
101 
28 

2 

18 
1 
57 
56 
57 
16 

1 

Three-axle 

Average,  single-unit  trucks . 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

(') 
22 
16 
22 
6 

7 
16 
8 
2 

0) 

8 

(') 

Average,  track  combinations.  ..  __ 
Avg.,  all  trucks  and  combinations... 
Mountain: 
Panel  and  pick-up. 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

4 
32 
3 
154 
80 
142 
28 

4 

7 

2 

108 

29 

96 

19 

3 
2 

1 
72 
17 
63 
12 

1 

1 

Three-axle. 

Average,  single-unit  trucks  

Tractor-truck  and  semitrailer...  . 
Truck  and  trailer.. 

(') 
31 
3 

27 
5 

13 

" '  '3 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations.. . 
Pacific: 
Panel  and  pick-up... 

11 
2 

3 

1 

Other  2-axle,  4-tired.. 

Other  2-axle,  6-tired 

10 

14 

6 

125 

98 
114 

42 

(«) 

(') 

9 

37 

6 

239 

146 

231 

66 

8 
5 
4 
65 
39 
55 
21 

6 
1 
2 
37 
16 
29 
11 

4 

1 

Three-axle 

Average,  single-unit  trucks   

Tractor-truck  and  semitrailer 

Truck  and  trailer 

1 
14 
2 
9 

4 

0) 

4 

"i 

Average,  truck  combinations... 
Avg.,  all  trucks  and  combinations.  _. 
United  States  average: 
Panel  and  pick-up 

2 

1 

1 

Other  2-axle,  4-tired.. 

Other  2-axle,  6-tired   . 

8 
14 

5 
178 

84 
169 

49 

6 
11 
4 
119 
44 
112 
33 

4 
7 
2 
54 
12 
50 
15 

2 
1 

1 
24 

4 
22 

7 

(') 
1 

(') 
5 
1 
5 
1 

Three-axle... 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 
Truck  and  trailer 

Average,  truck  combinations 
Avg.,  all  trucks  and  combinations... 

1  Less  than  5  per  10,000. 
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1  Less  than  5  per  10,000. 
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Table  It. — Number  of  trucks  and  truck  combinations,  per  1,000 
loaded  and  empty  vehicles,  that  exceeded  the  permissible  axle- 
group  loads  recommended  by  the  A.A.S.H.O.  by  various  per- 
centages of  overload,  in  the  summer  of  1947 


Table  15. — Number  of  trucks  and  truck  combinations,  per  1,000 
loaded  and  empty  vehicles,  that  exceeded  the  permissible  motor- 
vehicle  loads  recommended  by  the  A.  A.  S.  II.  O.  by  various  per- 
centages (maximum)  of  overload,  in  the  summer  of  1947 


Region  and  type  of  vehicle 

Num- 
Ix'i  1"  r 
1,000 
over- 
loaded 

Number  per  1,000  overloaded 
more  than— 

5  per- 
cent 

10  per- 
cent 

20  per- 
cent 

30  per- 
cent 

50 
per- 
cent 

New  England: 

3 

117 

5 

85 

85 
21 

1 

40 
2 

117 

116 
32 

19 

1 

37 

37 
11 

"""99 

364 

114 

40 

"~7 

(') 
13 

13 

2 

"(if 
13 

(') 
74 

70 
15 

"l2" 
(') 
19 
32 
20 
5 

"16" 
0) 
78 
125 
85 
15 

"li" 

3 
187 
242 
209 

72 

"(if 

17 
1 
77 
209 
89 
25 

"(0 

100 

3 

52 

"52 
13 

0) 

31 

1 
83 

"83 
23 

"Is 

1 
25 

25 

7 

"78 

358 

94 

33 

"i 

(') 
9 

"5 

•     2 

"(')" 

11 
(') 
50 

"47 
10 

"13 
32 

14 
4 

"9 

(') 
65 
99 
70 
12 

13 
3 

143 
173 
155 
54 

"("')" 

14 

1 

57 

163 
67 
19 

"(') 

44 

1 

36 

"36 

8 

"(')" 

24 

1 

63 

"63 

17 

""5 
(') 
19 

19 

5 

"60 

283 

73 

26 

"3 

"3 

1 

"(')" 
9 

(') 
34 

"32 

7 

"8 

32 

9 

2 

"l 

(') 
46 
68 
49 
9 

5 
1 
103 
77 
93 
32 

"(')" 
7 

(') 
42 
91 
46 
12 

"8 

(') 
11 

"ii 
2 

"~6 

0) 

27 

"27 

7 

"9 

"9 
2 

"27 

237 

39 

14 

"(')" 

"(')" 
(') 

"("')" 

9 

(') 

16 

15 
3 

"I 

32 

6 

2 

"22 
20 
22 
4 

"33 
12 
25 

8 

"(')" 
1 

w 

17 

42 
19 
5 

"4 

(') 
5 

""5 
1 

"l5 

"15 

4 

"3 

"3 

1 

""9 
179 

19 

7 

0) 

"(')" 
« 

"(ij 

9 

(') 
5 

"_5 
1 

"i 

32 
3 
1 

"16 

"~8 

1 

13 
1 

8 
3 

"("')" 

0) 

(') 

7 

26 

9 

2 

("'") 

(>) 
(') 

5 

"5 

1 

1 

"i 

(') 

"1 

63 

5 
2 

("'") 

("'") 
(l) 

("'") 

16 

1 

(') 

"i 

"1 

W 

"3 

"2 
1 

"1 
9 
2 

1 

Other  2-axle,  4-tired- _ 

Other  2-axle,  6-tired 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Average,  truck  combinations . 

Avg.,  all  trucks  and  combinations 

Middle  Atlantic: 

Other  2-axle,  6-tired 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer _ 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations... 
South  Atlantic: 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations... 
East  North  Central: 

Panel  and  pick-up. 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Three-axle... .- 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Average,  truck  combinations . 

Avg.,  all  trucks  and  combinations. . . 
East  South  Central: 
Panel  and  pick-up 

Other  2-axle,  6-tired 

Average,  single-unit  trucks.. 

Tractor-truck  and  semitrailer 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations. .. 
West  North  Central: 

Other  2-ax!e,  4-tired. 

Average,  single-unit  trucks. 

Tractor-truck  and  semitrailer 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations 

West  South  Central: 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations 

Mountain: 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Average,  truck  combinations . 

Avg. ,  all  trucks  and  combinations 

Pacific: 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Average,  single-unit  trucks. 

Tractor-truck  and  semitrailer . 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations 

United  States  average: 

Panel  and  pick-up 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

Three-axle ..        

Average,  single-unit  trucks ... 

Tractor-truck  and  semitrailer. 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations 

Region  and  type  of  vehicle 

Num- 
ber per 
1,000 
over- 
loaded 

Number  per  1,000  overloaded  more 
than — 

5  per- 
cent 

10  per- 
cent 

20  per- 
cent 

30  per- 
cent 

50 
per- 
cent 

Now  England: 
Panel  and  pick-up .. 

Other  2-axle,  4-tired. _ 

10 
39 

137 
24 

300 

Other  2-axle,  6-tired 

38 
105 

22 
252 

32 

62 
18 
198 

20 

8 

10 

120 

12 
4 
6 

56 

6 

3 

7 

Three-axle. ...  

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer.. 

Truck  and  trailer.. 

Average,  truck  combinations. . .  .. 
Avg.,  all  trucks  and  combinations. . . 
Middle  Atlantic: 
Panel  and  pick-up . .  .  ... 

299 

79 

251 

68 

197 
54 

119 
32 

56 
16 

7 
4 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

32 

56 

19 

328 

29 

53 

18 

277 

24 

44 

15 

225 

15 

6 

8 

142 

6 

1 

Three-axle..  

\ '.  1  rage,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer ... 

3 

80 

1 
22 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations 

South  Atlantic: 
Panel  and  pick-up      ...     .. 

326 

100 

275 
86 

224 

70 

141 
43 

80 
23 

22 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired .    .  . 

5 

24 

4 

199 

4 

20 

3 

147 

3 

10 

2 

108 

2 
10 

2 
45 

1 

5 

1 

18 

5 
5 

Three-axle. 

Average,  single-unit  trucks.   

Tractor-truck  and  semitrailer 

Truck  and  trailer    . 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations... 
East  North  Central: 
Panel  and  pick-up ... 

198 
56 

147 
42 

108 
30 

45 
14 

18 
6 

5 

1 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

1 

142 

10 

184 
369 
195 

75 

1 

1 
23 
2 
137 
358 
150 
54 

1 
23 
2 
102 
283 
112 
41 

23 

2 

41 

237 

52 

20 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

15 

179 

24 

8 

1 
52 
4 

1 

Average,  truck  combinations. 

Avg.,  all  trucks  and  combinations... 
East  South  Central: 

Other  2-axle,  4-tired 

Other  2-axle,  6-tired 

4 

34 

3 

122 

3 
31 

2 
91 

1 
•18 

1 
56 

1 

9 

1 

22 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer. 

4 

1 

Average,  truck  combinations . 

Avg.,  all  trucks  and  combinations 

West  North  Central: 

122 
25 

91 
19 

56 

11 

22 
5 

4 
1 

1 

Other  2-axle,  6-tired 

1 

32 

1 
175 

(') 

27 
(') 
125 

(') 
25 
(') 
76 

(') 

9 
(') 
26 

(') 

9 

(') 

8 

1 

Three-axle .  

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer . 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations. . 
West  South  Central: 

165 
36 

118 
25 

72 
16 

25 

5 

8 
2 

1 

Other  2-axle,  6-tired 

3 
29 
2 
100 
97 
100 
28 

2 

18 
1 
79 
97 
80 
22 

2 
18 

1 
45 
32 
44 
13 

1 
18 

1 
21 
32 
22 

7 

Average,  single-unit  trucks .. 

Tractor-truck  and  semitrailer. 

7 

32 

9 

2 

1 

16 
2 

1 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations.. _ 
Mountain: 

Other  2-axle,  6-tired    .        

4 

30 
2 
157 
101 
158 

30 

4 
14 
2 
119 
136 
122 
23 

3 

5 
1 
86 
98 
88 
16 

1 

1 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

(') 
41 
28 
39 

7 

in 
17 

"\ 

Avg.,  all  trucks  and  combinations. .. 
Pacific: 

14 

2 

3 

1 

Other  2-axle,  6-tired 

10 

17 

7 

217 

300 

250 

88 

(') 

(') 

9 

46 

7 

195 

255 

200 

59 

8 
13 
5 
164 
196 
177 
63 

•       6 
6 
3 
117 
90 
106 
38 

4 

1 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

1 
39 
14 
29 

10 

(')" 

14 

1 

9 

3 

"3 

2 

1 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations... 
United  States  average: 

Other  2-axle,  6-tired    .          

7 
23 
5 
151 
187 
154 
45 

6 
15 
4 
110 
102 
109 
32 

4 
7 
2 
52 
43 
51 
15 

2 

1 

1 

23 

26 

23 

7 

(') 
1 

(') 
5 

s 

5 

1 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Average,  truck  combinations 

Avg.,  all  trucks  and  combinations. . . 

1  Less  than  5  per  10,000. 
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1  Less  than  5  per  10,000. 
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Trends  in  Motor-Vehicle  Travel,  1947 

BY  THE  DIVISION  OF  FINANCIAL  AND  ADMINISTRATIVE  RESEARCH 

PUBLIC  ROADS  ADMINISTRATION 


Reported  by  G.  P.  St.  CLAIR,  Chief  of  Division 


Total  travel  of  motor  vehicles  in  1947  is  estimated  as  371  billion  vehicle-miles, 
of  which  187  billion  was  on  rural  highways  and  184  billion  on  urban  roads  and 
streets.  Passenger  cars  accounted  for  more  than  300  billion  vehicle-miles  of  the 
total,  busses  4  billion,  and  trucks  and  combinations  66  billion.  In  every  cate- 
gory these  totals  were  greater  than  in  any  previous  year.  Total  travel  in  1947 
exceeded  that  of  1946  by  9  percent  and  was  11  percent  more  than  in  1941.  The 
increase  in  travel  of  trucks  and  combinations  was  more  than  twice  that  of  pas- 
senger cars,  the  former  rising  in  1947  to  18 percent  above  1946,  the  latter  7 percent. 

The  average  vehicle  traveled  9,831  miles  in  1947,  using  746  gallons  of  gasoline  at 
a  rate  of  13.19  miles  per  gallon.  After  the  wartime  decline,  average  annual  auto- 
mobile travel  rose  in  1946  to  7 percent  more  than  the  1941  level,  but  in  1947  dropped 
back  to  5  percent  above  1941.  Average  annual  truck  travel,  while  showing  a 
steady  recoi'ery,  had  in  1947  only  reached  93  percent  of  the  1941  level. 

In  addition  to  the  1947  data,  this  article  reports  estimatetl  total  motor -vehicle 
travel  in  the  United  States  for  the  years  1921-47,  with  a  segregation  between  rural 
and  urban  traffic  from  1929  on.  In  these  26  yeais,  total  annual  travel  has  risen 
from  55  billion  to  371  billion  vehicle-miles,  an  increase  of  574  percent.  •  Rural 
travel  has  gradually  lisen  in  proportion  from  16  to  50  percent  of  the  total. 

Although  a  respectable  body  of  current  data  underlies  the  annual  travel  esti- 
mates, it  is  still  necessary  to  base  them  fundamentally  on  the  patterns  deter- 
mined  by  the  comprehensive  traffic  surveys  made  circa  1936.  As  the  base  period 
becomes  more  remote  the  hazards  of  this  procedure  increase.  A  new  set  of  com- 
prehensive surveys  is  needed  to  provide  a  bet ter  foundation  for  the  many  prob- 
lems in  highway  planning,  construction,  and  operation  that  lie  ahead. 


travel,  these  totals  were  greater  than  in  any 
previous  year. 

Table  2  gives  a  comparison  of  the  1947 
vehicle-mile  estimates  with  those  for  1941  and 
1946.  Total  travel  in  1947  was  11.2  percent 
greater  than  in  1941,  the  maximum  prewar 
year,  and  was  8.8  percent  greater  than  in  1946. 

The  relative  increase  of  rural  travel  in  1947 
over  that  of  1946  was  slightly  greater  than 
that  of  urban  travel.  A  similar  but  much 
greater  contrast  observed  in  the  comparison 
of  the  1946  with  the  1945  estimates  '  was 
attributed  to  the  recovery  from  the  restrictions 
of  the  war  years,  during  which  rural  travel 
suffered  much  greater  reductions  than  did 
urban  travel.  The  two  successive  compari- 
sons (expressed  in  percent)  are  as  follows: 


Increase  of  rural  traveh. 
Increase  of  urban  travel. 


1940  over 
1945 

43.  2 

31.  1 


1947  oner 

mo 

9.  3 
8.  3 


THE  SERIES  of  classified  estimates  of 
motor-vehicle  travel  in  the  United  States 
reported  in  two  previous  articles  in  Public 
Roads  '  is  carried  forward  in  this  article  for 
the  year  1947.  The  procedures  used  in  mak- 
ing these  estimates  were  the  same  as  those 
described  in  the  two  previous  reports,  the 
principal  factors  controlling  the  calculations 
being  (1)  the  annual  estimates  of  rural-road 
traffic  described  in  another  article  in  this  issue 
of  Public  Roads;  (2)  the  annual  reports  of 
highway  use  of  motor  fuel;  and  (3)  reported 
motor-vehicle  registrations.  As  in  the  pre- 
vious calculations,  the  1947  estimates  were 
based  on  indicated  changes  from  a  previous 
year,  the  year  1946  being  used  as  the  base 
year  in  this  instance. 

Table  1  reports,  for  the  various  classes  of 
motor  vehicles,  the  estimates  for  1947  of  rural, 
urban,  and  total  vehicle-miles  traveled,  aver- 
in  iles  traveled  and  motor  fuel  consumed 
per  vehicle,  and  average  travel  per  gallon  of 
motor  fuel  consumed.  The  numbers  of  regis- 
tered  vehicles,  as  modified  for  the  purpose  of 
these  estimates,  are  also  given.  The  total 
travel  of  motor  vehicles  in  1947  is  estimated 
as  371  billion  vehicle-miles,  of  which  187 
billion  were  traveled  on  rural  highways  and 

1  Trends  in  motor-vehicle  travel,  1936  to  191,5,  Public  Roads, 
vol.  24,  No.  10,  Oct.-Nov.-Dee.  1946,  and  Trends  in  motor- 
vehicle  travel,  1940,  Prni.ic  Roads,  vol.  25.  No.  3,  March  1»4R 


184  billion  on  urban  highways  and  streets. 
Passenger  cars  traveled  approximately  300 
billion  vehicle-miles,  busses  over  4  billion,  and 
trucks  and  combinations  66  billion.  For  all 
vehicle  types  and  for  both  rural  and  urban 


In  the  comparison  with  1941  values  table 
2  shows  that  the  relative  increase  in  urban 
travel,  12.5  percent,  was  greater  than  that  in 
rural  travel,  which  was  9.9  percent.  A  later 
section  of  this  report  deals  with  the  treuds, 
over  a  period  of  years,  in  the  relation  between 
rural   and   urban    travel. 

Both  comparisons  given  in  table  2  indicate 
that  the  relative  increase  in  the  travel  of  trucks 


Table  1. — Classified  estimate  of  motor-vehicle  travel  in  the  United  States  in  the  calendar 

year  1947 


Vehicle  type 

Motor-vehicle  travel 

Number 
of  regis- 
tered 
vehicles ' 

Average 
travel 

per 
vehicle 

Motor-fuel 
consumption 

Average 
travel 
per 
'-■.■illnii 
of  fuel 
con- 
sumed 

Miles 
14.95 

5.00 
10.37 

5.46 
14.60 

9.13 
13.19 

Rural 

travel 

travel 

Total 
travel 

Total  2 

Average 
per 

vehicle 

Passenger  vehicles: 

Passeneer  cars  3 

Million 
vehicle- 
iii  iles 
143,  662 

1,4811 
621 

Million 
vehicle- 

in iles 
156,620 

2,080 
70 

A  fill  ion 
vehicle- 
miles 
300,  282 

3,560 
691 

Thou- 
sands 
30,  872 

89 
87 

Miles 
9,727 

40,000 
7,989 

Million 

gallons 

20, 086 

712 
66 

Gallons 
651 

8,000 
770 

Busses: 

Commercial     .  

School  and  nonrevenue 
All  busses 

2,101 
145,763 

40,771 
186,  534 

2,150 
158,770 
25,318 

184,088 

4,  251 

304,  533 

06,  089 

370,  622 

176 

31,048 

6,650 

37,  698 

24,  221 
9,809 
9,939 

9,831 

778             &    43K 

All  passenger  vehicles 
1  i  ucks  and  combinations 
All  motor  vehicles. 

20,  864 

7.21;; 
28, 107 

672 

1,089 

746 

i  These  registration  totals  differ  from  those  given  in  Public  Roads  Administration  table  MV-1  for  1947  because  of  the  fol- 
lowing adjustments:  (1)  Approximate  correction  for  defective  classification  in  4  States,  as  described  in  footnotes  9,  10,  13,  and 
14  ot  that  table;  (2)  inclusion  of  publicly  owned  vehicles,  listed  separately  in  table  MV-1;  (3)  reduction  of  private  and  com  mer- 
ciai  trucK  registrations  by  2.5  percent  to  allow  for  registrations  in  more  than  1  State;  and  (4)  substitution  of  bus  totals  as  esti- 
mated by  the  bus  industry  to  afford  a  complete  segregation  of  commercial  busses  from  school  and  nonrevenue  busses  and  to 
allow  for  duplication  because  of  registrations  in  more  than  1  State. 

p„  \l°        ,lg  -S?  use  of  ?°,tor  fuel  m  1947  is  Si^en  as  28,216  million  gallons  in  Public  Roads  Administration  table  G-21. 
cycle)      analysis  thcre  was  deducted  from  that  total  109  million  gallons  estimated  use  by  motorcycles  (250  gallons  per  motor- 

3  Including  taxicabs. 
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Table  2. — Increase  in  motor-vehicle  travel,  1947  compared  ivith  1941  and  1946 


Vehicle  type 

Percentage  increase  of  travel — 

1947  over  1941 

1947  over  1946 

Rural 

Urban 

Total 

Rural 

Urban 

Total 

Passenger  vehicles  '...     

7.7 
18.5 
9.9 

10.9 
23.6 
12.5 

9.3 
20.4 

11.2 

7.2 
17.9 
9.3 

6.9 
17.5 

8.3 

7.0 
17.7 

8.8 

Trucks  and  combinations 

All  motor  vehicles 

i  Includes  both  passenger  cars  and  busses. 

and  combinations  has  been  more  than  twice 
that  of  passenger  vehicles.  The  estimated 
travel  of  trucks  and  combinations  in  1947  was 
20.4  percent  more  than  their  travel  in  1941, 
and  17.7  percent  in  excess  of  their  1946  travel; 
the  corresponding  figures  for  passenger  vehi- 
cles being  9.3  and  7.0  percent,  respectively. 
This  remarkable  increase  in  truck  traffic  un- 
doubtedly reflects  the  sustained  and  increas- 
ing volume  of  business  activity  in  the  postwar 
years.  Reference  to  the  article  Traffic  Trends 
on  Rural  Roads  in  19/t7,  also  published  in  this 
issue,  will  reveal  the  fact  that  the  ton-miles  of 
freight  operation  on  main  roads  has  increased 
even  more  rapidly  than  the  vehicle-miles  of 
truck  travel.2 

AVERAGE  ANNUAL  MILEAGES 

Further  comparisons  of  the  travel  character- 
istics of  passenger  cars  and  trucks  are  given  in 
figure  1  and  table  3.  Figure  1  compares  the 
average  miles  per  year  traveled  by  passenger 
cars,  as  given  by  these  annual  estimates,  with 
the  corresponding  values  for  trucks  and  com- 
binations. It  will  be  observed  that,  for  the 
period  from  1936  to  1941,  the  average  annual 
mileages  of  trucks  and  combinations  were  well 
above  those  of  passenger  cars,  and  that  for 
both  vehicle  types  the  values  were  increasing 
at  rather  steady  rates  from  year  to  year.  As  a 
result  of  gasoline  rationing  and  other  restric- 
tions during  the  war  period,  the  average  annual 
mileages  of  both  vehicle  types  fell  off  sharply. 

2  See  figures  4,  5,  and  6  of  above-cited  article,  and  text, 
pp.  148-152. 


Because  of  the  necessities  of  wartime  freight 
transportation,  the  restrictions  on  passenger 
cars  were  much  more  severe  than  those  on 
trucks;  and  the  average  mileage  of  passenger 
cars  fell  off  to  about  6,200  miles  per  year  in 
1943,  whereas  the  average  for  trucks  fell  only 
slightly  belowr  9,000  miles  in  the  minimum 
year,  1944. 

The  trends  during  the  postwar  years  appear 
to  have  been  very  different.  The  average  mile- 
age of  passenger  cars  recovered  very  sharply  in 
1945  and  1946;  the  value  for  the  latter  year 
being  nearly  10,000  miles  per  vehicle,  a  figure 
considerably  in  excess  of  the  prewar  averages. 
In  1947  the  value  fell  to  9,727  miles  per 
vehicle.  In  the  case  of  trucks  and  combina- 
tions, there  has  been  a  steady  recovery,  but 
the  1947  value,  9,939  miles  per  vehicle,  is  con- 
siderably below  that  of  10,739  miles  in  1941 
and  slightly  below  that  for  1936. 

Some  light  on  the  peculiarities  displayed  in 
figure  1  may  be  obtained  by  an  examination 
of  the  data  set  forth  in  table  3,  which  gives 
for  passenger  cars  and  for  trucks  and  combina- 
tions the  total  vehicle-miles  traveled,  numbers 
registered,  and  average  miles  per  vehicle  for 
the  years  1936-47.  Each  of  these  quantities 
is  indexed  against  its  value  for  the  year  1941. 

Turning  first  to  passenger  cars,  we  find  that 
the  total  travel  of  these  vehicles  in  1947  was 
8.9  percent  above  the  1941  value.  The  num- 
ber registered,  however,  was  only  4  percent 
above  1941.  The  tremendous  unsatisfied 
demand  for  passenger  automobiles  is  a  matter 
of   common    knowledge .     Among   the    causes 


Table  3. — Comparison  of  total  vehicle-miles,  registrations,  and  average  miles  per  vehicle, 
for  passenger  cars  and  for  trucks  and  combinations,  1936-47 


Year 

Passenger  cars 

Trucks  and  combinat 

ons 

Estimate  of  total 

vehicle-miles 

traveled  ' 

Number 
registered  ' 

Average  miles 
per  vehicle  ' 

Ksl  illllltr  ill  h  l.ll 

vehicle-miles 
traveled 

Number 
registered  ' 

Average  miles 
per  vehicle  ■ 

Index 

Index 

Index 

Index 

Index 

Amount 

on  1941 
value 

Amount 

on  1941 
value 

Amount 

i-n  ion 
value 

Amount 

on  1941 
value 

Amount 

on  1941 
value 

Amount 

on  1941 
value 

Thou- 

Thou- 

sands 

Millions 

sands 

1936 

208, 654 

75.7 

24, 201 

81.5 

8.622 

92.9 

41, 107 

74.9 

4,071 

79.6 

10, 098 

94.0 

1937 

223, 467 

81.1 

25, 490 

85.9 

8,767 

94.4 

44,151 

80.4 

4,301 

84.1 

10, 264 

95.6 

1938 

224, 174 

81.3 

25, 272 

85.1 

8,871 

95.5 

44,  495 

81.1 

4,285 

83.8 

10, 383 

96.7 

1939 

235, 629 

85.5 

26, 252 

88.4 

8,976 

96.7 

47,219 

86.0 

4,495 

87.9 

10.  504 

97.8 

1940 

249,  559 

90.5 

27, 488 

92.6 

9,079 

97.8 

49,  927 

91.0 

4,699 

91.9 

10, 624 

98.9 

1941 

275,  685 

100.0 

29, 691 

100.0 

9,285 

100.0 

54,  891 

100.0 

5,112 

100.0 

10, 739 

100.0 

1942 

218,  239 

79.2 

27, 970 

94.2 

7,803 

84.0 

45, 727 

83.3 

4,762 

93.2 

9,602 

89.4 

1943 

161, 7SS 

58.7 

26,005 

87.6 

6,221 

67.0 

41,594 

75.8 

4,611 

90.2 

9,021 

84.0 

1944 

166,073 

60.2 

25,  562 

86.1 

6,497 

70.0 

41,708 

76.0 

4,642 

90.8 

s.ysl 

83.7 

1945 

199, 185 

72.3 

25,  789 

86.9 

7,724 

83.2 

45,  909 

83.6 

4,956 

96.9 

9,264 

86.3 

1946 

280. 457 

101.7 

28,  209 

95.0 

9,942 

107.1 

56, 146 

102.3 

5,839 

114.2 

9,615 

89.5 

1947 

300, 282 

108.9 

30, 872 

104.0 

9,727 

104.8 

66,089 

120.  4 

6,650 

130. 1 

9,939 

92.6 

for  this  great  demand,  two  principal  factors 
can  be  discerned.  First,  the  abnormal  age 
distribution  of  passenger  cars  resulting  from 
the  wartime  cessation  of  production  has  pro- 
duced a  very  large  need  for  replacements. 
Second,  the  great  rise  in  national  income,  and 
the  penetration  of  relatively  high  incomes 
among  what  were  formerly  low-income  groups 
in  the  labor  and  farm  population  has  greatly 
broadened  the  base  for  the  purchase  of  new 
and  used  passenger  cars.  Automobile  produc- 
tion was  slow  in  gaining  headway  during  the 
first  two  postwar  years,  and  only  in  1948  has 
anything  approaching  a  maximum  production 
rate  been  reached.  In  the  face  of  great  de- 
mand and  short  supply  it  is  natural  that  the 
passenger  cars  on  hand  should  be  overworked, 
so  to  speak,  with  a  resulting  increase  of  average 
passenger-car  mileage  to  values  well  above 
those  of  the  prewar  years. 

Evidence  that  this  effect  was  somewhat 
diminished  in  1947  is  found  in  the  fact  that 
i  he  estimated  average  annual  mileage  of  these 
vehicles  dropped  from  9,942  miles  in  1946  to 
9,727  miles  in  1947.  This  drop  may  be  par- 
tially explained  by  the  fact  that  a  greater 
number  of  vehicles  were  driven  less  than  12 
months  in  1947  than  were  so  driven  in  1946. 
This  fact  becomes  obvious  when  it  is  pointed 
out  that  there  were  more  than  3  million  new 
passenger-car  registrations  in  1947,  whereas 
there  were  approximately  1.8  million  in  1946.3 
It  is  probable,  however,  that  with  a  materially 
increased  supply  of  passenger  cars  in  1947, 
the  tendency  to  drive  the  average  car  a  greater 
than  normal  mileage  had  begun  to  diminish. 
It  is  not  unlikely  that  the  trend  toward  some- 
what decreased  average  annual  mileage  of 
passenger  cars  will  continue  for  a  year  or  two 
as  a  result  of  the  greatly  increased  production 
of  these  vehicles. 

The  data  for  trucks  indicate  a  very  different 
situation.  It  is  shown  in  table  3  that  the 
travel  of  trucks  and  combinations  in  1947  was 
20.4    percent    above    the    1941    value.      The 


s  New  passenger-car  registrations,  as  reported  by  R.  L. 
Polk  and  Company,  and  quoted  in  the  Automobile  Manu- 
facturers Association  publication  Automobile  Facts  and 
Figures,  194S  edition,  p.  13,  were  1,815,196  in  1946  and  3,167,231 
in  1947. 
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i  Values  as  given  in  Trends  in  motor-vehicle  travel,  1936 ro  1945,  Public  Roads,  Oct.-Nov.-Dec.  1946;  Trends  in  motor-rehicle 
travel,  1946,  Public  Roads,  March  1948;  and  in  table  1  of  this  article. 
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YEAR 
Figure  1. — Trends  in   the  average  miles  per 
vehicle  traveled  by  passenger  cars  and  by 
trucks  and  combinations. 
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number  registered,   on   the  other  hand,   was 

30.1  percenl  above  1941.     In  contrast  to  the 

of  passenger  cars,  we  find  I  he  supply  of 

ks,  as  evidenced  by  registrations,  showing 
•  relative  increase  than  the  demand  for 

k  transportation  as  evidenced  by  vehicle- 
es  traveled.  Although  the  truck-produc- 
tion figures  indicate  a  continuing  healthy 
demand  for  freight  vehicles,  it  is  quite  evident 
that  the  shortage  of  supply  is  by  116  means  as 
acute  as  in  Hie  case  of  passenger  cars.  It 
should  be  borne  in  mind  (hat  the  increase  in 
truck  travel  over  1941  values  was  more  than 
twice  the  increase  in  passenger-car  travel,  and 
that,  in  terms  of  ton-miles  of  operation,  the 
increase  was  even  greater.  In  spite  of  these 
great  increases,  the  rise  in  truck  registrations 
was  such  (hat  the  large  volume  of  increased 
business  could  be  carried  at  an  average  mileage 
per  vehicle  lower  than  that  of  the  prewar 
years.  It  is  probable  also  that  a  considerable 
part  of  the  increased  truck  registrations  in- 
clude those  of  farmers,  small  business  men, 
and  trucking  operators  new  to  the  field,  all  of 
whom  would  have  a  tendency  toward  low- 
mileage  operation. 

Although  the  explanations  given  above  tend 
to  confirm  the  comparisons  given  in  figure  1 
and  table  3,  there  may  be  some  disposition  to 
question  whether  the  accuracy  of  the  estimates 
is  such  as  to  make  these  findings  entirely  ac- 
ceptable. It  must  be  acknowledged  that  in- 
sufficient data  are  available  to  produce  esti- 
mates which  could  be  accepted  as  highly 
accurate.  It  is  necessary  to  use  certain  pro- 
cedures and  certain  assumptions  that  are  not 
fully  supported,  and  to  carry  forward  trends 
from  year  to  year  which  may  involve  the 
continuation  of  past  inaccuracies.  It  is 
found,  however,  that  where  options  exist  in 
making  the  estimates,  they  do  not  lead  to 
large   deviations  in   the  final  results.     If  an 


arbitrary  adjustment  is  attempted  in  order  to 
eliminate  an  apparent  inconsistency  in  one 
item,  compensating  adjustments  in  other  items 
will  produce  greater  inconsistencies  than  the 
one  it  is  desired  to  remove.  Although  uncer- 
tainties as  to  the  accuracy  of  the  estimates 
must  continue  to  exist  until  more  adequate 
data  are  available,  it  is  believed  the  findings 
are  reasonably  consistent  and  in  harmony 
with  discernible  trends. 

VEHICLE-MILE  ESTIMATES,  1921-47 

In  table  4  there  are  given  values  of  the 
estimated  total  motor-vehicle  travel  in  the 
United  States  for  the  years  1921-47.  A  seg- 
regation of  these  values  between  rural  and 
urban  traffic  is  given  for  the  years  1929-47. 
Values  from  1936  through  1946  were  given  in 
the  two  Public  Roads  articles  previously 
referred  to.4  The  values  for  the  earlier  years 
have  been  given  some  currency  but  have  not 
previously  been  published. 

Because  of  the  fact  that  comprehensive 
studies  of  traffic  and  motor-vehicle  use  were 
not  made  prior  to  the  State-wide  highway 
planning  survey  period,  for  which  1936  is 
generally  taken  as  the  base  year,  it  is  not  pos- 
sible at  this  late  date  to  make  accurate  esti- 
mates of  motor-vehicle  travel  for  years  prior 
to  1936.  Estimates  of  total  travel  given  in 
table  4  were  obtained  by  applying  to  the  values 
of  total  highway  use  of  motor  fuel  given  in  the 
annual  motor-fuel  usage  analysis  (Public 
Roads  Administration  table  G-21)  the  value 
of  13.984  miles  per  gallon,  derived  from  the 
vehicle-mile  estimates  for  the  year  1936. 
Although  this  procedure  is  open  to  question, 
there  exists  no  volume  of  data  whereby  an 
accurate  trend  in  the  variation  of  average 
miles  per  gallon  for  those  earlier  years  could 

4  See  footnote  1,  p.  156. 


Table  4. — Estimate  of  motor-vehicle  travel  in  the  United  States,  1921—47  ' 


Year 

Rural 

Urban 

Total 

Amount 

Percentage 

Amount 

Percentage 

Amount 

Percentage 

1921 

1922 
1923 
1924 
1925 

1926 
1927 
1928 
1929 
1930 

1931 
1932 
1933 
1934 
1935 

1936 
1937 
1938 
1939 
1940 

1941 
1942 
1943 
1944 
1945 

1946 
1947 

Million 
vehicle-miles 

45.7 
46.1 

46.5 
47.0 
47.4 
47.8 
48.2 

48.7 
48.9 
49.8 
50.2 
50.4 

50.9 
48.2 
47.3 
47.7 
47.9 

50.1 
50.3 

Million 
vehicle-miles 

54.3 
53.9 

53.5 
53.0 
52.6 
52.2 
51.8 

51.3 
51.1 
50.2 
49.8 
49.6 

49.1 
51.8 
52.7 
52.3 
52.1 

49.9 

49.7 

Million 
rehicle-miles 
55, 027 
67, 697 
84, 995 
104. 838 
122, 346 

140,735 
158,  453 
172, 856 
197,  720 
206, 320 

216, 151 
200, 517 
200, 642 
215,  563 
228,  568 

252, 128 
270, 110 
271,177 
285,  402 
302, 143 

333, 396 
267, 096 
206, 747 
211.580 
248,  926 

340, 655 
370, 622 

90,311 
95, 118 

100,  571 
94, 151 
95, 064 
103, 050 
110,241 

122,  678 
132, 038 
134,913 

143. 149 

152. 150 

169, 805 
128, 861 
97, 757 
100,830 
119,183 

170,606 
186,  534 

107, 409 
111,202 

115,580 
106, 366 
105, 578 
112, 513 
118,327 

129. 450 
138, 072 
136, 264 
142,  253 
149, 993 

163,  591 
138, 235 
108, 990 
110, 750 
129, 743 

170,049 
184, 088 

100.0 
100.0 

100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 
100. 0 

100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 

be  developed.  The  values  given  in  table  4 
are  without  doubt  sufficiently  accurate  for  the 
purposes  for  which  estimates  of  vehicle-miles 
traveled  in  years  prior  to  1936  are  needed. 

The  values  of  rural  and  urban  travel  given  in 
table  4  were  derived  by  extending  backward 
to  1929  the  trend  in  percentage  relation  of 
rural  travel  to  total  travel  indicated  by  the 
analysis  which  led  to  the  estimates  of  vehicle- 
miles  for  the  years  1936-41.  Such  a  procedure 
is  also  of  questionable  accuracy;  and  it  was 
felt  that  this  estimated  segregation  between 
rural  and  urban  travel  should  not  be  carried 
to  years  earlier  than  1929.  No  classification 
of  these  earlier  estimates  by  type  of  vehicle 
has  been  made.  Reasonable  values  for  a  few 
years  prior  to  1936  could  probably  be  esti- 
mated, but  it  is  felt  that  no  very  useful  purpose 
would  be  served  by  making  such  estimates. 
The  trend  curves  for  total  travel  from  1921 
through  1947  and  for  rural  and  urban  travel 
from  1929  through  1947  are  given  in  figure  2. 

COMPARISON  OF  TRENDS  IN  MOTOR- 
FUEL  USE  AND  RURAL  HIGHWAY 
TRAVEL 

Table  4  gives,  for  each  year  from  1929 
through  1947,  the  percentage  distribution 
between  rural  and  urban  travel.  These  values 
indicate  a  steadily  increasing  proportion  of 
rural  travel  to  total  travel  from  1929  through 
1941.  The  question  may  be  raised  whether 
this  indication  reflects  the  findings  of  actual 
data  or  whether  assumptions  have  been  made 
in  annual  estimates  which  have  produced  an 
artificial  trend  not  confirmed  by  facts.  The 
comparisons  given  in  table  5  and  illustrated  in 
figure  3  throw  some  light  on  this  question. 

TaHe  5  gives,  for  the  years  1929-47,  the 
Nation-wide  totals  of  highway  use  of  motor 
fuel.  These  values  are  also  expressed  in  the 
form  of  an  index  and  compared  with  the  cor- 


Table  5. — Comparison  of  trends  in  highway 
use  of  motor  fuel  and  rural  highiray 
travel,  1929-47 


*oJ  K0r  years.Prior  t0  1936  vaI)I(>s  flt  total  motor-vehicle  travel  were  extrapolated  with  the  aid  of  motor-fuel  consumDtion 
estimate  gfSS1  *  ™"^'"  '"  ^ '"*'  miles  P"  ga"0n'  e"  B-  13'984  ™iles  per  gallon' the  va,ue  derWed  in  maktag  Jne 


Indexes  relative  to 

1936  values 

Highway 

Year 

use  of 

motor  fuel  • 

Highway 

Rural 

use  of 

highway 

motor  fuel 

travel 2 

Million 

gallons 

1929 

14, 139 

78.1 

73.6 

1930 

14,  754 

81.5 

77.5 

1931 

15,457 

85.4 

82.0 

1932 

14, 339 

79.2 

76.7 

1933 

14, 348 

79.3 

77.5 

1934 

15,415 

85.2 

84.0 

1935 

16, 345 

90.3 

89.9 

1936 

18, 099 

100.0 

100.0 

1937 

19,  455 

107.5 

107.6 

1938 

19,612 

108.4 

110.0 

1939 

20,  714 

114.4 

116.7 

1940 

22,  001 

121.6 

124.0 

1941 

24, 192 

133.7 

138.4 

1942 

19,  940 

110.2 

105.  0 

1943 

16,  004 

88.4 

79.7 

1944 

16,  430 

90.8 

82.2 

1945 

19, 149 

105.8 

97.2 

1946 

25,  649 

141.7 

139. 1 

1947 

28,  216 

155.9 

152.1 

1  See  Highway  Statistics,  Summary  to  191,5,  Public  Roads 
Administration,  1947,  p.  5;  and  table  G-21,  1947. 

2  Derived  from  table  4,  second  column. 
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responding  index  of  the  volume  of  rural  travel, 
calculated  from  the  data  given  in  table  4. 
The  index  values  are  based  on  the  year  1936, 
which  is  the  year  with  which  the  annual  vehi- 
cle-mile estimates  began,  and  is  generally 
taken  as  the  base  year  of  the  comprehensive 
planning-survey  studies.  Both  sets  of  indexes 
are  plotted  in  the  upper  panel  of  figure  3. 
It  will  be  observed  that,  for  the  years  1937-41, 
there  is  a  gradual  upward  divergence  of  the 
rural  travel  index  from  that  of  total  highway 
use  of  motor  fuel.  In  other  words,  the  slope  of 
the  rural  traffic  line  is  appreciably  steeper  than 
the  slope  of  the  motor-fuel  consumption  line. 

These  two  sets  of  index  values  were  derived 
from  entirely  independent  data.  The  rural 
travel  estimates  are  taken  without  change  from 
the  annual  calculations  of  rural  travel  based 
chiefly  on  the  fixed  automatic  recorder  data. 
The  values  for  total  highway  use  of  motor  fuel 
are  obtained  by  an  analysis  of  the  reports  of 
motor-fuel  consumption  submitted  by  the 
several  States.  The  motor-fuel  data  can  be 
taken  as  representative  of  total  motor-vehicle 
travel,  both  rural  and  urban.  This  being 
the  case,  the  increase  of  the  rural-travel  index 
relative  to  the  motor-fuel-use  index  during  the 
period  1931-41  is  a  definite  indication  that  the 
percentage  relation  of  rural  travel  to  total 
travel  was  rising  during  these  years. 

The  objection  might  be  raised  that  changes 
in  average  miles  per  gallon,  as  between  rural 
and  urban  use  of  motor  vehicles,  could  account 
for  the  difference  in  the  two  trend  lines.  The 
loadometer  studies  on  main  rural  roads  indi- 
cate that  the  gross  loads  and  carried  loads  of 
trucks  and  combinations  increased  materially 
during  the  period  under  study;  but  this 
factor,  rather  than  accounting  for  the  differ- 
ence in  trends,  would  wrork  in  the  opposite 
direction,  since  it  would  imply  an  increase  in 
motor-fuel  consumption  on  rural  roads, 
relative  to  the  total  volume  of  rural  travel. 

This  positive  indication  for  the  period 
1936-41  lends  support  to  the  extrapolated 
values  for  rural  travel  prior  to  1936,  which 
carry  backward  the  same  trend.  Index 
values  for  the  two  graphs  in  figure  3  cross 
at  the  year  1936,  but  the  steeper  slope  of  the 
index  of  rural  highway  travel  is  plainly 
evident.  The  percentage  relations  of  rural 
travel  to  total  travel  are  shown  graphically 
in  the  lower  panel  of  figure  3  and  they  indicate 
a  gradual  but  steady  rise  in  the  relative 
amount  of  rural  travel  from  1929  through 
1941. 

The  indicated  trend  in  the  relation  of  rural 
to  urban  travel  is  consistent  with  the  generally 
known  facts  of  highway  and  motor-vehicle 
history.  In  the  early  days  of  the  motor  ve- 
hicle its  ownership  and  use  was  confined 
largely  to  the  cities  and  their  immediate  sur- 
roundings. As  the  network  of  improved  rural 
roads  gradually  developed,  rural  ownership 
increased  and  the  radius  of  operation  of  urban 
vehicles  was  greatly  enlarged,  with  the  result 
that  the  volume  of  rural  travel  began  gradually 
to  overtake  that  of  urban  travel.  The  plan- 
ning-survey road-use  studies,  conducted  in  a 
large  number  of  States  during  the  period 
1935-39,  indicated  a  Nation-wide  distribution 
of  somewhat  more  than  50  percent  rural  travel. 
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Figure  2.— Estimated  total  motor-vehicle  travel,  1921-47 ';  estimated  rural  and  urban  travel, 

1929-47. 
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Figure  3. — Trends  in  total  highway  use  of  motor  fuel  and  rural  highway  travel. 
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The  basic  calculations  for  the  annual  vehicle- 
mil,  |  es,  which  depended  more  heavily 
upon  the  motor-vehicle-allocation  and  traffic 
si  udies  than  upon  the  road-use  data,  indicated 
slightly  less  than  50  percent  rural  travel  in 
1936,  with  the  value  reaching  50  percent  for 
the  first  time  in  1939. 

As  may  he  observed  in  figure  2,  the  decline 
in  rural  travel  during  the  war  period  was  much 
more  severe  than  that  in  urban  travel.  This 
situation  is  reflected  in  figure  3  by  the  crossing 
of  the  index  lines,  the  motor-fuel  consumption 
index  for  the  years  1942-45  being  considerably 
above  ihe  index  of  rural  travel.  In  the  years 
1946  and  1947  the  recovery  of  the  two  indexes 
has  been  along  more  or  less  parallel  lines,  but 
it  is  shown  in  the  lower  panel  of  figure  3  that 
the  percentage  of  rural  travel,  although 
slightly  greater  than  50  percent  in  1946  and 
1947.  had  not  yet  quite  recovered  to  its  prewar 
value.  Whether  it  will  do  so  in  the  next  few 
years  is  conjectural.  Purely  from  the  stand- 
point of  a  return  to  normal  trends  such  a 
result  might  be  expected.  On  the  other  hand, 
there  may  have  been  permanent  changes  in 
the  relative  urbanization  of  the  population 
which  would  tend  to  work  against  such  a 
development.  Furthermore,  the  current 
movement  toward  the  relief  of  urban  con- 
gestion may  have  the  effect  of  causing  a 
material  increase  of  urban  travel  relative  to 
total  travel. 

MORE  ACCURATE  AND  COMPLETE 
DATA  NEEDED 

The  making  of  annual  Nation-wide  estimates 
of  motor-vehicle  travel  has  proved  to  be  a  use- 
ful activity,  well  worth  continuing.  The  value 
of  these  estimates  would  be  greatly  enhanced 
if  it  were  possible  to  subdivide  the  Nation-wide 
totals  and  averages  into  values  for  each  State. 
Although  vehicle-mile  estimates  are  frequently 
made  in  individual  States,  it  has  not  yet  been 
found  feasible  to  organize  a  procedure  whereby 
each  State  highway  department  would  make 
and  report  such  estimates  annually. 

Great  difficulties  attend  the  calculation  of 
classified  vehicle-mile  estimates  in  an  individ- 
ual State.  The  Nation-wide  rural  traffic 
analysis  is  based  primarily  on  reports  from 
about  660  continuous  automatic  recorders,  an 
average  of  about  14  per  State.  This  is  a  rather 
slender  sample  on  which  to  base  an  estimate  of 
total  vehicle-miles,  even  though  reinforced  by 
data  from  portable  recorders,  manual  counts, 
and  other  sources.  In  calculating  averages 
per  vehicle  difficulties  are  encountered  in  mak- 
ing allowances  for  the  out-of-State  travel  of 
vehicles  registered  in  the  State  and  the  travel 
within  the  State  of  vehicles  from  other  States. 
In  making  use  of  motor-fuel  consumption 
statistics  similar  allowances  must  be  made  for 
motor  fuel  purchased  in  one  State  and  used  in 
another.  These  obstacles  are  not  insurmount- 
able, but  they  introduce  sources  of  inaccuracy 
to  which  the  calculation  of  Nation-wide  esti- 
mates is  not  subject. 

Although  a  respectable  body  of  data  under- 


lies the  annual  estimate  of  Nation-wide  rural 
traffic  volumes,  it  is  still  necessary  to  predicate 
the  estimates  of  a  given  year  on  the  sequence 
of  values  obtained  for  previous  years,  with  the 
period  of  the  comprehensive  traffic  surveys 
taken  as  the  base.  In  other  words,  the  volume 
of  rural  traffic  data  produced  each  year  is  not 
sufficient  to  provide  independent  estimates 
for  that  year  taken  alone.  As  the  base  period 
becomes  more  and  more  remote  the  hazards 
of  this  procedure  increase.  With  respect  to 
urban  traffic  no  comparable  series  of  data 
exists;  and  Nation-wide  estimates  of  urban 
travel  can  be  obtained  only  by  the  device  of 
estimating  total  travel  with  the  aid  of  motor- 
fuel  consumption  data,  and  deducting  there- 
from the  estimated  values  of  rural  travel. 
Increasing  recognition  of  the  necessity  to 
know  about  the  characteristics  of  urban 
travel  gives  promise  that  a  body  of  data  on 
urban  traffic,  comparable  to  that  now  availa- 
ble in  the  field  of  rural  traffic,  will  gradually 
be  developed. 

It  is  unlikely,  however,  that  at  any  time  in 
the  near  future,  continuous  records  of  traffic 
volumes  will  be  adequate  for  the  making  of 
independent  estimates  of  total  vehicle-miles — 
independent,  that  is,  of  the  past  sequence  of 
such  estimates  and  of  such  supporting  data  as 
the  record  of  motor-fuel  consumption.  Ve- 
hicle-mile estimates  are  essentially  a  by- 
product that  would  not  of  itself  justify  large 
expenditures  in  highway  research.  Studies  of 
traffic  volume  and  composition,  origins  and 
destinations,  and  the  patterns  of  highway 
travel  have  as  their  immediate  objectives  the 
solution  of  problems  of  highway  location, 
geometric  design,  and  traffic  control.  More 
broadly,  they  are  concerned  with  the  adapta- 
tion of  the  highway  plant  to  the  travel  habits 
and  needs  of  motor-vehicle  users  and  the 
public  generally;  and  the  coordination  of  high- 
way planning  with  land-use  and  other  general 
planning.  Finally,  the  data  collected  in  this 
field  should  be  adapted  to  the  requirements  of 
financial  planning  and  the  solution  of  highway 
fax  problems.  Estimates  such  as  those  de- 
scribed in  this  report  are  useful  only  as  they 
further  these  main  objectives,  which  do  not 
necessarily  require  the  maintenance  of  a  con- 
tinuous annual  record  of  large  dimensions. 

Since  it  remains  necessary  to  calculate 
annual  estimates  of  travel  volumes  in  terms  of 
year-to-year  changes,  referred  to  a  base  period 
of  comprehensive  studies,  it  becomes  impera- 
tive to  consider  whether  a  new  bas£  period 
should  not  be  established.  We  cannot  continue 
much  longer  to  predicate  an  analysis  of  post- 
war patterns  of  highway  use  on  estimated  devi- 
ations from  patterns  found  to  exist  circa  1936. 
A  new  deal  in  comprehensive  planning-survey 
studies  is  called  for. 

In  the  field  of  rural  travel,  definite  progress 
is  being  made  in  the  direction  of  comprehensive 
coverage.  About  14  States  have  programs  in 
operation  or  in  the  planning  stage,  which  will 
realize  or  approximate  the  scope  of  the  earlier 
State-wide  studies,  and  thus  establish  a  new 


base  period  for  rural  traffic  estimates.  In 
general,  these  programs  call  for  coverage  of  the 
entire  rural  system  over  a  short  period  of 
years,  rather  than  for  a  single  1-year  survey. 
No  such  progress  with  respect  to  studies  of 
urban  travel,  or  the  use  of  interview  or  ques- 
tionnaire techniques  to  determine  the  distri- 
bution of  all  travel,  can  be  reported. 

There  can  be  no  doubt  of  the  general 
utility,  in  the  solution  of  current  highway 
problems,  of  a  new  supply  of  "strictly  fresh" 
data  on  the  characteristics  of  motor-vehicle 
travel.  In  the  very  important  studies  of  high- 
way needs,  both  engineering  and  fiscal,  that 
have  been  made  in  numerous  States  during 
the  past  few  years,  the  investigators  have  been 
forced  to  rely  on  an  inadequate  body  of  infor- 
mation. A  new  set  of  comprehensive  surveys 
would  reinforce  and  give  authority  to  the 
findings  of  these  studies  (although  probably 
necessitating  some  modifications) ;  and  would 
provide  a  much  better  foundation  for  similar 
studies  in  States  where  they  have  not  yet  been 
made. 

Obviously  the  new  studies  of  highway  travel 
patterns  should  not  follow  blindly  in  the  path 
of  the  old.  Much  has  been  learned  about 
highway  research  techniques  since  the  days  of 
the  early  planning  surveys.  Methods  of 
traffic  counting,  classification,  and  truck 
weighing  have  become  highly  developed;  and 
there  is  continuous  study  of  the  efficiency  of 
sampling  in  this  field.  The  early  motor- 
vehicle-allocation  and  road-use  surveys  taught 
us  much  about  how  and  how  not  to  sample 
motor-vehicle  travel  habits.  More  recent 
developments  in  road-interview  and  home- 
interview  origin-destination  studies  have 
forged  new  weapons  of  attack  on  basic  highway 
problems.  The  intention  here  is  not  to  offer 
a  procedure  for  making  comprehensive  State- 
wide studies;  but  only  to  point  out  that  the 
tools  of  data  collection  and  analysis  are  ready- 
to  our  hands.  What  is  needed  is  careful,  intel- 
ligent planning,  with  a  shrewrd  eye  on  efficiency 
and  economy  in  sampling,  and  a  sober  determi- 
nation to  concentrate  on  essential  facts. 

The  necessity  for  using  motor-vehicle 
registration  and  motor-fuel  consumption  data 
in  making  estimates  of  highway  travel  will 
continue.  These  data  are  matters  of  State 
record.  Although  the  records  themselves  can 
be  improved,  and  efforts  are  being  made  in  that 
direction,  it  is  in  their  utilization  that  the 
weakness  lies.  In  order  to  convert  motor- 
fuel  consumption  figures  into  classified  esti- 
mates of  motor- vehicle  travel  it  is  necessary  to 
use  data  on  average  miles  per  gallon  developed 
in  the  early  planning-survey  studies,  with 
only  such  corrections  as  can  be  devised  to 
account  for  known  changes,  such  as  the  in- 
creased operating  loads  of  trucks  and  com- 
binations. In  planning  comprehensive  State- 
wide studies  of  motor- vehicle  use  and  travel 
characteristics,  provision  should  be  made  for 
obtaining  accurate  statistical  averages  of  the 
rates  of  fuel  consumption  in  vehicles  of  differ- 
ent types  and  loadings. 
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THE  CONGESTION  that  motor  travel 
encounters  today  in  the  vicinity  of  and 
within  the  cities  and  metropolitan  areas  of 
the  United  States  constitutes  a  formidable 
traffic  barrier.  These  urbanized  areas  are 
the  sources  and  destinations  of  the  greater 
portion,  by  far,  of  the  heavy  flow  of  traffic  that 
moves  over  the  Nation's  highways.  Vehicle- 
mileage  of  travel  on  city  streets  alone  con- 
stitutes approximately  50  percent  of  all 
cravel.  The  principal  urban  arteries  and 
main  commercial  streets  carry  a  large  percent- 
age of  the  urban  traffic.  Because  of  these 
ever-increasing  demands  being  made  on  the 
urban  highway  plant,  urban  accommodations 
of  the  State  highway  system  are  widely 
recognized  to  be  grossly  inadequate. 

Several  decades  ago.  Federal-aid  highway 
legislation  and  many  State  highway  statutes 
specifically  prohibited  the  application  of  funds 
to  urban  extensions  of  the  Federal-aid  and 
State  highway  systems.  The  then  superior 
need  of  rural-road  improvement  made  such 
a  prohibition  reasonable. 

Both  Federal  and  State  enactments  of  the 
last  5  years,  however,  have  taken  cognizance 
of  the  need  for  urban-road  improvement. 
Among  other  things,  the  National  System  of 
Interstate  Highways  has  been  authorized  and 
designated — a  system  that  includes  the  more 
important  transcity  and  interregional  connec- 
tions of  the  State  systems.  Substantial  funds 
have  been  specificallj'  earmarked  for  expendi- 
ture in  prescribed  urban  areas. 

It  was  not  an  objective  of  this  investigation 
to  determine  whether  present  statutory 
authority  of  State  highway  departments  in 
urban  areas  is  commensurate  with  the  present 
need.  Rather,  the  study  seeks  to  present,  as 
objectively  as  possible,  factual  information 
with  respect  to  legislative  authorization  for 
financing,  land  acquisition,  construction,  and 
maintenance  of  various  classes  of  urban 
highways  under  State  control. 

These  consist  of  urban  extensions  of  the 
State  primary  system,  of  which  Federal-aid 
highways  are  almost  always  a  part,  and  of 
other  urban  streets,  such  as  those  leading  to 
State  institutions,  or  secondary  routes.  A 
review  of  controlled-access  highway  legislation, 
insofar  as  it  relates  to  State  highway  depart- 
ment authority  in  cities,  is  also  made. 
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The  growth  of  urban  concentrations  of  traffic  has  forcefully  called  attention  to 
the  urgent  need  for  highway  improvement  in  the  cities  of  the  United  States. 
Urban  extensions  of  the  State  highicay  systems  frequently  are  characterized  by 
great  physical  and  functional  inadequacies,  and  are  costly  to  modernize.  Never- 
theless, the  statutory  authority  of  State  highway  departments  in  urban  areas  is 
still  decidedly  limited. 

Twenty-one  Slates  have  express  powers  to  finance  urban  extensions  of  Stale 
primary  highivays;  16  are  specifically  authorized  to  acquire  lands  for  them;  15 
States  may  construct  and  20  may  maintain  such  urban  routes  without  restric- 
tion. Only  six  States  have  unlimited  statutory  authority  in  all  four  fields.  In 
the  absence  of  express  authority,  the  doctrine  of  implied  powers  may  apply,  but 
the  legal  status  so  derived  is  sometimes  precarious. 

While  the  mostfrefiuent  limitation  on  State  authority  in  urban  areas  is  placed 
on  size  as  determined  by  population,  a  decided  trend  is  discernible  toward  re- 
moval of  these  restrictions.  Among  other  limitations,  10  States  are  restricted 
in  regard  to  the  width  and  type  of  highways  they  can  build  in  cities;  and  12 
States  hxive  varying  requirements  for  local  consent  before  urban  extensions  of  the 
State  highway  system  can  be  established. 

Even  more  circumscribed  is  the  statutory  authority  of  the  States  with  respect 
to  urban  highivays  other  than  extensions  of  the  State  primary  system.  This 
apparent  lack  of  authority  may  be  ojfset  in  part,  however,  by  the  power  to  desig- 
nate streets  in  urban  areas  as  extensions  of  the  State  system,  granted  in  about 
half  the  States. 

Almost  invariably,  in  the  28  States  ivhere  expressways  have  been  sanctioned 
by  law,  the  authority  of  the  State  highway  department  to  establish  controlled- 
access  highways  in  cities  is  qualified  in  varying  degrees. 

More  than  half  the  Suites  allocate  portions  of  their  highway-user  revenues  to 
urban  areas,  often  with  the  express  provision  that  such  funds  be  used  for  the 
improvement  of  urban  highways  other  than  extensions  of  the  State  system. 


The  investigation  is  based  in  part  upon  an 
analysis  of  pertinent  sections  of  the  State 
statutory  codes,  and  in  part  upon  a  circular- 
ization  of  the  State  highway  departments. 
Some  of  the  provisions  include  administrative 
practice  pursuant  to  law. 

It  will  be  noted  in  table  1  that,  with  respect 
to  urban  extensions  of  State  highways,  the 
authority  of  many  States  may  exist  only  by 
implication    from    express    powers    granted. 

UKBAN  EXTENSIONS  OF  STATE 
PRIMARY  HIGHWAYS 

While  State  highway  departments  possess 
wide  powers  with  respect  to  the  planning, 
financing,  acquisition  of  lands  for,  construc- 
tion, and  maintenance  of  rural  State  highways, 
this  study  reveals  that  their  comparable 
authority  with  respect  to  those  portions  of 


State  primary  routes  traversing  incorporated 
areas  is  much  more  limited. 

Only  six  States  '  have  unrestricted  statutory 
authority  to  finance,  acquire  lands  for,  con- 
struct, and  maintain  urban  extensions  of  State 
primary  highways  (see  table  1).  One  of  the 
broadest  yet  most  concise  enactments  is  to  be 
found  in  Louisiana.  The  Department  of 
Highways  is  authorized  to  include  streets  and 
roads  in  cities,  towns,  and  villages  within  the 
State  highway  system  when  such  streets  and 
roads  connect  two  Stale  highways  or  form  a 
continuation  of  any  highway  within  the  State 
highway  system:  "The  highway  department 
shall  have  full  authority  to  acquire  property 
for,  finance,  construct,  maintain,  and  operate 
such  highways  passing  through  cities,  towns, 
and  villages  of  the  State,  together  with  such 


1  California,    Indiana,    Louisiana,   Massachusetts, 
Jersey,  and  Washington. 


New 
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Table  I.— Summary  of  statutory  authority  of  State  highway  departments  concerning  urban 

extensions  of  Stale  primary  highways 
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off-street  parking  facilities  as  may  be  deemed 
necessary  in  connection  therewith."  2 

Twenty-one  States,  and  perhaps  8  others  by 
implication,  have  ample  powers  with  respect 
to  financing  urban  extensions  of  State  high- 
ways; 16  States  are  specifically  authorized  to 
acquire  lands  for  such  projects;  15  States,  and 
perhaps  7  others  by  implication,  may  con- 
struct them;  and  20  States,  and  perhaps  4 
others  by  implication,  may  maintain  without 
restrictions  such  urban  routes.  Implied  au- 
thority to  improve  urban  extensions  of  the 
State  highway  system  is  deemed  to  arise  out 
of  the  express  grant  of  statutory  authority  to 
Slate  highway  departments  to  finance,  con- 
struct, and  maintain  State  highways.  Table 
3,  pages  166-81,  contains  a  summary  of  the 
pertinent  legislative  provisions. 

Urban  Federal-nid  System 

State  statutes  generally  do  not  deal  with 
urban  extensions  of  Federal-aid  primary  high- 

2  Louisiana  Acts  1042,  No.  4,  sec.  38;  1944,  No.  65,  sec.  3. 
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ways  as  a  separate  class  of  road  facilities 
because  practically  every  mile  of  such  exten- 
sions is  contained  in  the  more  inclusive  State 
primary  systems.  Accordingly,  legal  author- 
ization with  respect  to  urban  extensions  of 
the  State  primary  systems  is  deemed  to  apply 
to  urban  extensions  of  the  Federal-aid  high- 
ways with  like  force  and  effect. 

Moreover,  the  States  generally  have  as- 
sented to  the  purposes  and  provisions  of  the 
Federal-aid  laws  and  generally  have  provided 
for  State  cooperation  with  the  Federal  Gov- 
ernment in  effectuating  the  objectives  of  the 
Federal-aid  highway  program.  How  much 
authority  of  a  specific  character  over  urban 
Federal-aid  highways  such  State  legislation 
grants,  apart  from  the  provisions  relating  to 
urban  extensions  of  State  primary  highways,  is 
a  matter  for  conjecture. 

It  may  be  helpful  to  review  a  few  typical 
enactments  of  this  nature.  The  Illinois 
statute  is  typical  of  the  more  generalized  of 
these  laws: 


"*      *      *     the  General   Assembly 

*  *  *  hereby  assents  to  the  provi- 
sions, terms,  conditions,  and  purposes  of 
the  act  of  Congress,  approved  July  11, 
1916,  entitled  'An  act  to  provide  that  the 
United  States  shall  aid  the  States  in  con- 
struction of  rural  post  roads,  and  for 
other  purposes,'  known  as  the  Federal- 
Aid  Road  Act,  together  with  amend- 
ments to  said  act  subsequently  enacted 
by  the  Congress  of  the  United  States" 
(L.  1917,  p.  144,  sec.  1;  Laws  1933,  p. 
958,  sec.  1). 

The  West  Virginia  act  is  more  detailed: 

"The  legislature  of  the  State  of  West 
Virginia  hereby  renews  its  assent  to  the 
provisions  of  the  act  of  congress  approved 
July  11,  1916,  entitled  'An  act  to  provide 
that  the  United  States  shall  aid  the  States 
in  the  construction  of  rural  post  roads 
and  for  other  purposes.'  The  State  road 
commission  is  hereby  authorized  to  enter 
into  contracts  and  agreements  with  the 
United  States  Government  relating  to 
the  survey,  construction,  and  mainte- 
nance of  roads  under  the  provisions  of 
said  act  of  Congress,  to  submit  such 
scheme  or  program  of  construction  and 
maintenance  as  may  be  required  *  *  * 
and  to  do  all  other  things  necessary  to 
carry  out  the  cooperation  contemplated 
and  provided  for  by  said  act  *  *  *" 
(L.  1921,  ch.  112). 

The  Indiana  law  is  typical  of  provisions 
specifically  involving  the  Federal-aid  High- 
way Act  of  1944.  The  State  Highway  Com- 
mission is  granted  authority: 

<<*  *  *  t0  cooperate  with  the  Fed- 
eral Government  for  postwar  construction 
of  highways  and  bridges  under  the  act  of 
Congress,  approved   December  20,   1944 

*  *  *  and  to  do  and  perform  all  acts 
as  in  said  amendatory  act  provided,  in 
order  to  procure  for  the  State  of  Indiana 
the  proper  apportionment  of  Federal 
funds  available  to  the  State  of  Indiana 
for  the  construction,  maintenance,  and 
improvement  of  highways  under  the  pro- 
visions of  said  amendatory  act"  (Acts  of 
1945,  ch.  298,  sec.  1,  p.  1289). 

The  South  Carolina  1945  act  authorizes  the 
State  Highway  Department  to  cooperate  with 
the  Public  Roads  Administration  in  carrying 
out  the  provisions  of  the  Federal-aid  Highway 
Act  of  1944  and  amendments  thereto,  and  to 
do  all  things  necessary  to  carry  out  the  provi- 
sions of  said  Federal-aid  Highway  Act,  in- 
cluding but  not  limited  to,  the  planning,  con- 
struction, and  supervision  of  all  eligible  proj- 
ects regardless  of  whether  such  projects  are  a 
part  of  the  State  highway  system;  but  stip- 
ulates that  if  such  projects  are  not  on  the 
State  highway  system  local  units  must  match 
Federal  funds.  The  act  further  authorizes  the 
State  Highway  Department  and  political 
subdivisions  to  do  all  things  necessary  to 
carrying  out  the  act,  including  the  acquire- 
ment of  right-of-way  (South  Carolina  Act 
223,  Laws  1945,  sec.  53). 
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Financing 

More  State  highway  departments  possess 
unqualified  authority  with  respect  to  the 
financing  of  urban  extensions  of  State  pri- 
mary highways  than  with  respect  to  any  other 
aspect  of  authority  dealt  with  in  this  study. 
Twenty-one  jurisdictions  are  granted  such 
statutory  authority.1  Additionally,  similar 
authority  may  be  implied  in  eight  other 
States  from  the  statutory  grant  of  general 
authority  with  respect  to  the  State  highway 
system,  where  urban  extensions  are  deemed 
to  be  an  integral  part  of  that  system,4  or  for 
other  reasons  indicated  in  subsequent  sections. 

The  authority  is  qualified  in  the  remaining 
19  States.  The  nature  of  the  restrictions  is 
indicated  as  follows: 

Alabama:  Limited  to  50  percent  of  right-of-way  costs. 

Connecticut:  Limited  to  one  north-south  and  one  east-west 
route  through  each  city. 

Illinois:  Limited  to  type  and  width  required  to  care  for 
traffic  and  parking  needs. 

Iowa:  Not  more  than  25  percent  of  primary  road  fund  t<. 
be  spent  for  this  purpose  in  one  year. 

Kansas:  Limited  to  type  and  width  of  highway  outside 
city. 

Michigan:  Must  be  requested  by  governing  body;  100- 
percent  participation  only  in  cities  under  20,000  popula- 
tion; 100-percent  participation  only  to  width  of  highway 
outside  city. 

Minnesota:  Limited  to  normal  width  of  highway  outside 
city. 

Mississippi:  Limited  to  towns  of  less  than  2,500  population. 

Montana:  Not  unless  Federal  funds  are  involved. 

New  Hampshire:  Not  in  compact  areas  of  cities  and  towns 
over  2,500  population. 

New  York:  Limited  to  highways  in  special  categories. 

Pennsylvania:  Limited  to  highways  in  special  categories. 

Rhode  Island:  Subject  to  approval  of  city. 

South  Carolina:  Limited  as  to  amount  of  funds  which  may 
be  spent  in  cities  over  2,500  population. 

Texas:  Subject  to  agreement  with  governing  body  of 
municipality. 

I'ermont:  Limited  to  towns  under  1,u>j0  population. 

Virginia:  Limited  to  50  percent  of  cost  in  cities  over  3,500 
population. 

West  Mrginia:  Limited  to  same  obligation  as  for  State 
highways  outside  municipality. 

Wyoming:  Limited  to  50  percent  participation  in  construc- 
tion costs  in  cities  over  1,500  population. 

As  will  readily  be  noted,  some  of  the  quali- 
fications on  authority  are  substantial  in 
character,  while  a  few  are  more  apparent  than 
real. 

Land  Acquisition 

One  of  the  most  significant  limitations  on 
the  authority  of  State  highway  departments 
in  urban  areas  concerns  the  matter  of  acquir- 
ing the  necessary  rights-of-way.  State  high- 
way departments  in  only  16  States  have  been 
granted  unequivocal  authority  to  acquire 
lands  needed  for  highway  improvements 
within  the  corporate  limits  of  cities.5 
In  eight  other  States,   the  right  to  acquire 


3  California,  Colorado,  Delaware,  Florida,  Georgia,  Idaho, 
Indiana,  Kentucky,  Louisiana,  Maine,  Massachusetts, 
Missouri,  New  Jersey,  North  Carolina,  Ohio,  Oklahoma, 
Oregon,  Tennessee,  Utah,  Washington,  and  Wisconsin. 

4  Arizona,  Arkansas,  Maryland,  Nebraska,  Nevada,  New 
Mexico,  North  Dakota,  and  South  Dakota. 

5  California,  Colorado,  Georgia,  Idaho,  Illinois,  Indiana, 
Iowa,  Louisiana,  Massachusetts,  New  Jersey,  Oregon, 
Rhode  Island,  South  Carolina,  Tennessee,  Virginia,  and 
Washington. 


highway   right-of-way   in   urbanized  areas  is 
qualified  in  various  ways,  as  follows: 

Alabama:  Contingent  on  failure  of  county  or  municipality 
to  acquire  land;  also  limited  to  50  percent  of  cost. 

Kansas:  May  contribute  to  cost  in  cities  of  third  class. 

Kentucky:  State  may  participate  in  cost  of  new  or  addi- 
tional right-of-way. 

Michigan:  Subject  to  municipal  consent. 

Mississippi:  Limited  to  cities  under  2,500  population  (pre- 
sumably) or  where  houses  average  more  than  200  feet 
apart  for  a  mile  or  fraction  thereof. 

New  York:  Limited  to  highways  in  specified  categories. 

Pennsylvania:  Limited  to  highways  in  specified  categories. 

Utah:  Under  agreement  with  municipality. 

No  authority  at  the  State  level  is  conferred 
in  four  States,6  and  in  two  of  them — New 
Hampshire  and  Wisconsin — the  law  specifi- 
cally reserves  the  right  of  acquisition  to  the 
local  units. 

Missouri  has  been  placed  in  this  category 
because  no  provision  for  acquisition  of  land 
therefor  is  included  in  the  1945  constitution 
which  authorizes  the  State  to  finance,  con- 
struct, and  maintain  "any  highway  in  any 
city  or  town  which  is  found  necessary  as  a 
continuation  of  any  State  or  Inderal  highway, 
or  any  connection  therewith,  into  and  through 
such  city  or  town."  Prior  to  enactment  of 
the  new  constitution,  the  State's  authority  to 
finance,  construct,  and  maintain  urban  exten- 
sions of  State  highways  applied  only  to  such 
highways  in  cities  under  2,500  population. 
No  authority  to  acquire  land  for  such  high- 
ways existed,  except  by  implication;  the  State 
having  such  authority  with  respect  to  State 
highways  generally. 

Montana  appears  to  have  no  statutory 
provision  covering  the  improvement  of  urban 
extensions  of  State  highways  as  such.  Al- 
though it  has  been  assumed  that  the  State 
Highway  Commission  may  finance,  construct, 
and  maintain  such  urban  extensions  if  Federal 
funds  are  involved,  no  reference  can  be 
found  to  the  acquisition  of  right-of-way. 

Implied  authority  to  acquire  land 

The  laws  in  the  remaining  20  States  contain 
no  specific  reference  to  the  matter  of  land 
acquisition.  Whether  these  States  have  the 
authority  by  implication  to  acquire  land  for 
urban  extensions  of  the  State  primary  system, 
may  be  questioned.  State  statutory  authority 
to  construct  urban  extensions  of  State  high- 
ways might  conceivably  be  construed  to  imply 
the  right  to  acquire  necessary  lands  therefor, 
on  the  assumption  that  the  term  "highway" 
includes  a  city  "street." 

The  laws  of  13  of  the  20  States,  lacking 
express  authority  with  respect  to  acquisition 
of  lands  in  urban  areas,  specifically  bestow 
on  the  State  highway  department  the  right  to 
construct  urban  extensions  of  State  highways 
and  also  to  acquire  lands  for  State  highways 
generally.7 


6  Missouri,  Montana,  New  Hampshire,  and  Wisconsin. 

7  Connecticut,  Delaware,  Florida,  Maryland,  Minnesota, 
North  Carolina,  North  Dakota,  Ohio,  Oklahoma,  Texas, 
Vermont,  West  Virginia,  and  Wyoming.  In  the  case  of 
Ohio,  however,  the  authority  extends  to  the  construction  of 
urban  extensions  of  State  highways  and  to  the  acquisition  of 
lands  for  enterprises  entrusted  to  its  supervision.  Such 
authority  is  construed  to  be  substantially  similar  to  the  other 
12  States  in  this  category. 


The  contention  that  the  remaining  seven 
States 8  have  such  authority  by  implication 
has  even  less  support.  In  these  States  the 
highway  department's  authority  to  construct 
urban  extensions  of  State  highways  itself  can 
only  be  said  to  be  by  implication,  as  indicated 
in  the  following  section. 

While  the  doctrine  of  implied  authority  may 
apply  in  certain  instances  to  the  acquisition 
of  lands  for  urban  highway  purposes,  its  legal 
status  is  very  precarious.  An  outstanding 
legal  authority  has  indicated  that  it  is  a 
recognized  rule  of  construction  that  one  power 
is  implied  in  the  grant  of  another  when  the 
latter  cannot  be  exercised  or  carried  into  effect 
without  the  exercise  of  the  implied  power, 
since  anything  within  the  manifest  intention 
of  the  makers  of  a  statute  is  as  much  within 
the  statute  as  if  it  were  within  the  letter  of 
the  law.  But  it  is  further  asserted  that  there 
is  no  power  by  implication  to  take  private 
property  for  public  use  merely  because  the 
final  objective  cannot  be  attained  without  the 
use  of  private  property.  Although  the  con- 
trary has  been  held,  according  to  what  is  held 
to  be  the  better  rule,  a  statute  merely  granting 
power  to  lay  out  and  establish  streets  does  not 
authorize  the  condemnation  of  lands  for  such 
purposes.9 

The  matter  of  implied  authority  to  acquire 
lands  for  urban  extensions  of  State  highways, 
in  the  absence  of  express  statutory  provisions 
on  the  matter,  was  the  substance  of  an  at- 
torney general's  opinion  in  Texas  several  years 
ago,10  when  the  State  Highway  Department 
sought  to  construct  a  State  highway  within 
the  boundaries  of  a  home-rule  city.  Un- 
willing to  acquire  the  necessary  right-of-way, 
the  city  consented  to  have  the  property  con- 
demned by  the  State  Highway  Department. 
The  attorney  general  of  Texas  ruled  that  the 
department  lacked  authority  to  do  so.  Three 
issues  were  involved: 

Issue:  Whether  the  State  Highway  De- 
partment, or  the  county,  might  acquire  by 
purchase  or  condemnation  the  right-of-way 
required  in  a  home-rule  city  for  the  construc- 
tion of  a  State  highway. 

Answer:  Although  the  legislature  could  have 
transferred  jurisdiction  of  cities  and  towns 
over  particular  highways  therein  to  the  State 
Highway  Department,  nevertheless,  it  neither 
expressed  nor  implied  any  intention  to  do  so. 

Issue:  Whether  the  city,  either  by  ordinance 
or  agreement  with  the  State,  might  legally 
delegate,  transfer,  or  pass  on  to  the  State 
Highway  Department  or  the  county,  acting 
for  the  Department,  its  authority  to  condemn 
such  right-of-way. 

Answer:  Where  the  legislature  delegates  the 
right  to  exercise  the  power  of  eminent  domain, 
the  grantee  of  the  power  cannot  surrender, 
transfer,  or  redelegate  the  same  to  another 
unless  expressly  authorized  by  the  statute 
conferring  the  power. 


8  Arizona,  Arkansas,  Maine,  Nebraska,  Nevada,  New 
Mexico,  and  South  Dakota. 

1  See  The  Law  of  Municipal  Corporations,  by  Eugene 
McQuillin,  2d  ed.,  1943,  rev.  vol.  4,  sec.  1580,  and  1947  cumu- 
lative supplement,  2d  ed.,  rev.    Case  materials  are  included. 

ia  See  Opinions  of  the  Attorney  General,  Texas,  194G,  Opinion 
No.  0-7108. 
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Issut :  Whether  the  Governor  of  Texas  might 
obtain  such  right-of-way  for  the  Slate  Highway 
Department,  acting  under  the  provisions  of  a 
State  statute  providing  for  acquisition  of  land 
by  the  Governor  for  public  use. 

Answer:  Although  the  Governor  had  statu- 
tory authority  to  acquire  any  land  necessary 
for  any  public  use,  the  legislature  had  specifical- 
ly delegated  authority  to  cities  and  towns  over 
their  streets,  which  prevailed  over  the 
authority  of  the  Governor  to  acquire  land  in 
this  case. 

A  similarly  restricted  construction  of  State 
highway  department  authority  with  respect  to 
land  acquirement  in  urban  areas  is  found  in 
other  States.  Prior  to  a  1045  enactment  in 
the  State  of  Washington,  enlarging  the 
authority  of  the  Department  of  Highways  in 
urban  areas,  the  attorney  general  declared  the 
Department  had  no  legal  authority  to  acquire 
land  in  its  own  name  within  incorporated 
cities  and  towns  for  highway  purposes.11  The 
"power  of  condemnation  within  cities  and 
towns  in  the  State  could  only  arise  by  con- 
struction or  by  implication  *  *  *.  If  the 
power  of  condemnation  does  exist,  it  must  be 
by  virtue  of  specific  and  clear  statutory  direc- 
tion and  cannot  arise  by  implication  or  con- 
struction. If  construction  of  a  statute  is 
necessary  to  sustain  the  power,  no  such  power 
can  exist."12  Accordingly,  it  is  apparent  that 
State  highway  department  authority  with 
respect  to  acquisition  of  land  for  urban  ex- 
tensions of  State  highways  which  exists  solely 
by  implication  is  extremely  tenuous. 

Construction 

The  present  status  of  statutory  authority  of 
Slate  highway  departments  in  urban  areas 
with  respect  to  financing  and  land  acquisition 
has  now  been  sketched.  The  next  logical 
element  of  authority  deals  with  the  right  to 
construct  urban  extensions  of  primary  State 
highways.  Highway  departments  in  15  States 
appear  to  have  the  unlimited  statutory  right 
to  construct  such  urban  facilities.13 

In  26  other  jurisdiction.--,  the  right  to  con- 
struct urban  roads  is  restricted  in  the  follow- 
ing manner: 

Connecticut:  Limited  to  one  north-south  and  one  east-west 

route  through  city. 
Delaware:  May  not  change  width  of  streets  without  con- 
sent of  town. 
Florida:  Type  of  construction  shall  conform  to  that  of  State 

highway. 
Georgia:  Construction  shall  comply  with  all  reasonable 

municipal  ordinances,  etc 
Illinois:  To  type  and  « idth  required  to  care  lot  traffic  and 

parkins:  needs. 
Iowa:  Subject  to  approval  of  council  of  municipality;  also 

may  not  exceed  width  of  primary  road  system. 
Kansas:  Type  to  tie  determined  by  agreement  between 

city  and  Slate  Highway  Commission;  limited  to  width 

and  type  of  highway  approaching  city. 
Kentucky:  Subject  to  approval  of  city  authorities. 
Maryland:  Must  tie  in  conformity  with  grades  approved 

by  municipal  authorities. 


Minnesota:  Only  to  width  outside  city;  plans  and  specifica- 
tions must  beapproved  bj  municipal  authorities. 
Mississippi:  To  width  of  State  highway  outside  city  limits; 

only  in  towns  of  less  than  2,500  population. 

Montana:  Not  unless  Federal  funds  ate  involved. 

New  Hampshire:  Not  in  compact  areas  of  cities  over  2,500 
population. 

Vew  York:  Limited  to  highways  in  special  categories. 

North  Dakota:  To  normal  width  ol  Stab'  highways. 

Ohio:  Subject  to  approval  of  governing  body  of  munici- 
pality if  not  on  Federal-aid  system. 

Oregon:  state  may  not  change  or  establish  grade  without 
consent  of  governing  body  of  municipality. 

Pennsylvania:  Limited  to  highways  in  special  categories. 

Rhode  Island:  Subject  to  approval  of  city. 

Sonih  Carolina:  Subject  to  approval  of  city  in  municipali- 
ties m  er  2. .'Jin  population. 

Tennessee:  To  width  and  type  State  may  deem  proper  but 
such  width  shall  not  be  less  than  Is  feet. 

TV  ins:  Under  agreement  with  city. 

( 'tah:  Must  conform  to  direction  and  grade  of  othei  streets 
in  such  city. 

Vermont:  Limited  to  State  highways  in  towns  under  1,500 
population  and  supervision  of  "State-aid  connecting 
links"  improved  with  State  funds. 

West  Virginia:  Limited  to  same  obligation  as  for  State 
highways  outside  municipalities. 

Wisconsin:  Construction  to  be  same  as  for  State  tiunk 
highways. 

In  the  remaining  seven  States,  the  authority 
to  construe!  urban  extensions  of  the  Slate 
primary  system  probably  may  be  implied 
from  a  general  grant  of  authority.1'1  It  is 
obvious,  however,  that  a  judicial  interpreta- 
tion of  existing  State  authority  can  always 
upset  any  presumptions  under  implied  powers 
and,  accordingly,  express  authority  is  always 
to  be  preferred. 

Maintenance 

The  right  to  maintain  urban  extensions 
of  the  State  primary  system  is  the  remaining 
element  of  State  highway  department  authori- 
ty that  needs  to  be  considered.  The  laws  of 
20  Suites  grant  definite  authority  to  the  State 
highway  departments  with  respect  to  the 
maintenance  of  the  urban  links  of  the  State 
highway  system.15  In  addition,  it  is  possible 
that  similar  authority  exists  by  implication 
in  four  other  jurisdictions.18 

Authority  with  respect  to  maintenance  is 
qualified  in  the  remaining  24  States,  in  the 
following  manner: 

Colorado:  Only  under  agreement  with  city  unless  re- 
mainder of  special  3-percent  gas-tax  fund  is  used. 

<  'onnecticut:  Limited  to  portions  accepted  under  statutes 
pertaining  to  "State  aid"  or  improved  at  State  expense. 

Georgia:  Must  comply  with  all  reasonable  municipal 
ordinances  not  in  conflict  with  specifications  of  State 
Highway  Department. 

Idaho:  Limited  to  cities  undei  2,500  population;  state  may 
titer  into  maintenance  agreements  with  ciyes  oi  2,500 
to  rj.OOO  population. 

Illinois:  Only  to  type  and  width  required  to  care  for 
traffic  and  parking  needs. 

Iowa:  Subject  to  approval  of  city  council;  limited  to  width 
of  primary  road  system. 

Kansas:  Limited  to  cities  of  third  class;  State  pays  cer- 
tain amount  per  mile  to  first  and  second  class  cities  for 
maintenance. 


'i  Based  upon  an  informal  opinion  of  the  attorney  general 
rendered  August  31,  1944,  to  the  Honorable  Burwell  Bantz, 
Director  of  Highways,   State  of  Washington. 

i!  See  siali  a  nl  Chesterley  v.  Superior  Court,  19  Wash. 
kl'4-14-1  Pac.  (2d)  916  (1944). 

'■'Alabama,  California,  Colorado,  Idaho.  Indiana,  Louisi- 
ana, Massachusetts,  Michigan,  Missouri,  New-  Jersey,  North 
Carolina,  Oklahoma,  Virginia,  Washington,  and  Wyoming. 
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"  Arizona,  Arkansas,  Maine,  Nebraska,  Nevada,  New 
Mexico,  and  South  Dakota. 

15  Alabama,  California,  Delaware,  Florida,  Indiana, 
Kentucky,  Louisiana,  Massachusetts,  Michigan,  Missi- 
sippi,  Missouri,  New  Jersey,  North  Carolina,  Oklahoma, 
Oregon,  Rhode  Island,  South  Carolina,  Tennessee,  Utah, 
and  Washington. 

,,;  Arizona,  Arkansas,  Nevada,  and  New  Mexico. 


Maine:  Limited  to  cities  under  5,000  population,  but  may 
maintain  in  cities  over  5,000  population  if  count  j  dors 
not  do  so. 

Maryland:  Limited  to  roads  constructed  by  State:  ex- 
cludes Baltimore. 

Minnesota:  Limited  to  width  outside  cities. 

Montana:  Only  if  Federal  funds  are  available  for  construc- 
tion. 

Nebraska:  Limited  to  100-percent  participation  in  munici- 
palities under  2,500  population  and  50-percent  partici- 
pation where  population  is  between  2,500  and  25,000. 

V,  n  Hampshire  Not  in  compact  areas  of  cities  and  towns 
ol  over  2,500  population. 

YV  ir  }'ark:  Limited  to  highways  in  special  categories. 

North  Dakota:  Limited  to  normal  width  of  State  high- 
way. 

Ohio:  Subject  to  approval  of  governing  body  of  munic- 
ipality. 

Pennsylvania:  Limited  to  highways  in  special  categories. 

Soutk  Dakota:  Not  in  cities  over  2,500  population. 

Texas:  Under  agreement  with  city. 

I  ermont:  Limited  to  cities  under  1 ,500  population. 

Virginia:  Limited  to  cities  under  3,500  population. 

West  Virginia:  Limited  to  obligation  Stale  is  required  to 
assume  outside  cities. 

Wisconsin:  Limited  to  cities  under  2,500  population. 

Wyoming:  Limited  to  cities  under  1,500  population. 

Popnla tion  Lim ita t ions 

One  of  the  most  frequent  limitations  on 
Slate  authority  in  urban  areas  is  placed  on 
size  as  determined  by  population;  the  statutes 
of  14  States  containing  such  restrictive  pro- 
visions.17 In  Mississippi  and  New  Hampshire, 
for  example,  the  State  highway  departments 
have  no  authority  in  cities  of  over  2,500 
population.  In  Vermont,  State  jurisdiction 
in  cities  of  1,500  or  more  inhabitants  is  re- 
stricted to  streets  where  houses  average  100 
feet  or  more  apart  for  the  space  of  one-half 
mile,  a  provision  that  had  its  parallel  in  the 
Federal-aid  Road  Ad  of  1916  and  its  amend- 
ments. 

Some  Slates  place  restrictions  upon  the 
amount  of  financial  aid  that  may  be  given  lo 
cities  in  certain  population  groups.  In 
Michigan,  for  instance,  100-percent  State 
participation  is  limited  to  cities  under  20,000 
population,  with  a  relative  decrease  in  pro- 
portion of  State  funds  to  50  percent  in  cities 
of  over  50,000  persons.  Virginia  may  provide 
only  50  percent  of  the  cost  of  State  highway 
extensions  in  cities  over  3,500,  while  Wyoming 
is  limited  to  50-percent  participation  in  cities 
over  1,500  population.  South  Carolina  has  a 
comparable  provision. 

Maintenance  provisions  and  population 
restrictions  are  frequently  interrelated.  State 
maintenance  authority  is  confined  to  the 
smaller  urban  areas  in  10  States.18  Vermont 
and  Wyoming  statutes,  to  illustrate,  limit  State 
maintenance  to  cities  of  1,500  population  or 
under.  Idaho,  Nebraska,  New  Hampshire, 
South  Dakota,  and  Wisconsin  may  finance 
100-percent  maintenance  costs  only  in  cities 
under  2,500  population;  while  in  Maine  and 
Virginia,  the  State  highway  departments  are 
not  responsible  for  maintenance  in  cities  over 
3,500  and  5,000  inhabitants,  respectively.  The 
Kansas  State  Highway  Commission  pays  cities 
of   the  first  and  second  class  $250  per  mile 

17  Idaho,  Kansas,  Maine,  Michigan,  Mississippi,  Nebraska, 
New  Hampshire,  New  York,  South  Carolina,  South  Dakota, 
Vermont,  Virginia,  Wisconsin,  and  Wyoming. 

n  Idaho,  Kansas,  Maine,  Nebraska,  New  Hampshire, 
South  Dakota,  Vermont,  Virginia,  Wisconsin,  and  Wyoming. 
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for  maintenance,  while  cities  of  the  third  class 
may  have  their  State  highway  routes  main- 
tained by  the  State  or  be  paid  $250  per  mile 
for  doing  the  work  themselves. 

A  decided  trend  toward  the  removal  of 
these  State  statutory  population  restrictions 
is  now  discernible.19  While  some  States  began 
removing  these  limitations  in  the  early  1930',-, 
more  recent  illustrations  are  abundant.  For 
example,  the  Colorado  Legislature  amended 
the  State  highway  law  in  1945,  eliminating  a 
provision  restricting  State  assistance  in  financ- 
ing and  constructing  State  highway  extensions 
to  those  within  incorporated  cities  or  towns 
having  a  population  of  less  than  2,500.  In 
the  same  year,  Indiana  removed  a  statutory 
limitation  on  State  Highway  Commission 
authority  in  cities  of  the  first  class,  thereby 
making  State  road  improvements  possible  in 
Indianapolis.  Kentucky,  Missouri,  Rhode 
Island,  South  Carolina,  Virginia,  Wyoming, 
and  Wisconsin  provide  other  recent  illus- 
trations. 

Type  and  Width  Restrictions 

Ten  State  statutes  20  contain  restrictions 
relating  to  the  width  and  type  of  highway  that, 
State  highway  departments  are  authorized  to 
establish  in  urban  areas.  Iowa,  Minnesota, 
and  North  Dakota  laws,  for  example,  limit  the 
width  which  the  State  may  construct  in  urban 
areas  to  that  prevailing  outside  the  corporate 
limits  of  the  city  or  town. 

In  Minnesota  and  North  Dakota,  however, 
the  State  highway  departments  are  authorized 
to  enter  into  agreement  with  the  municipality 
concerning  the  establishment  of  a  greater 
width  than  that  which  obtains  outside  the 
municipality,  the  extra  cost  to  be  absorbed  by 
the  local  unit.  A  similar  provision  in  West 
Virginia  merely  indicates  that  the  city  or  town 
must  pay  the  extra  expense  if  the  cost  of  the 
portion  of  the  road  within  the  urban  area  ex- 
ceeds that  outside  the  corporate  limits  for 
comparable  facilities.  In  Michigan,  the  State 
Highway  Department  may  participate  to  the 
extent  of  50  percent  of  the  cost  of  any  addi- 
tional width. 

The  law  in  Florida  provides  that  the  type 
of  construction  within  urban  areas  shall 
conform  to  that  used  on  State  rural  roads 
generally,  while  the  Kansas  statute  limits  the 
width  and  type  of  improvement  within  munici- 
palities to  that  outside. 


Table  2.— The  relationship  of  urban  mileages  under  State  control  to  primary  systems  and 

total  urban  mi  leases 


19  A  counterpart  of  this  trend  also  exists  with  respect  to 
Federal-aid  legislation.  The  Federal-aid  Road  Act  of  1910 
contained  a  restriction  on  the  application  of  Federal  funds 
that  excluded  "every  street  and  road  in  a  place  having  a 
population,  as  shown  by  the  latest  available  Federal  census, 
of  two  thousand  five  hundred  or  more,  except  that  portion 
of  any  such  street  or  road  along  which  the  houses  average 
more  than  two  hundred  feet  apart"  (sec.  2).  This  section 
was  repealed  by  the  Hayden-Cartwright  Act  of  1934  (sec.  13). 
The  objective  of  authorizing  highway  expenditures  in  urban 
areas  under  the  Federal  emergency  construction  program 
was  based  primarily  upon  maximum  employment  considera- 
tions. Aside  from  the  defense  highway  program  initiated 
in  1941  by  the  Defense  Highway  Act,  the  needs  of  urban 
transportation  as  such  were  first  implemented  on  an  organ- 
ized basis  in  the  Federal-aid  Highway  Act  of  1944. 

2°  Florida,  Illinois,  Iowa,  Kansas,  Michigan,  Minnesota, 
Mississippi,  North  Dakota,  Tennessee,  and  West  Virginia. 
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State 


Alabama.. 
Arizona . .. 
Arkansas.. 

<  'alilni  Ml 


Colorado 

Connecticut- 
Delaware 

Florida 


Urban  mileage  under  State  .  ontrol 


Georgia. 
Idaho. __ 
Illinois.. 
Indiana . 


Iowa 

Kansas 

Kentucky. 
Louisiana. 


Maine 

Maryland 

Massachusetts. 
Michigan 


Minnesota. 
Mississippi. 
Missouri... 
Montana... 


Perecntagi 

ol  State 

primary 

system 

597 

8.1 

67 

1.7 

44(1 

4.5 

1,111 

21.7 

411 

9.9 

399 

13.7 

103 

9.2 

987 

11.3 

1,418 

9.9 

204 

3.9 

Percentage 
ol  total 

in  ban 

mileage 


Nebraska 

Nevada 

New  Hampshire. 
New  Jersey 


New  Mexico 

New  York  2 

North  Carolina. 
North  Dakota.. 


Ohio 

Oklahoma 

Oregon 

Pennsylvania. 


Rhode  Island.. 
South  Carolina. 
South  Dakota.. 
Tennessee. 


Texas 

Utah 

Vermont. 
Virginia.. 


1,058 

870 

1,052 

500 
403 
700 

397 

93 

120 

1,038 

1,294 
353 
731 
194 

405 
00 


230 


Washington... 
West  Virginia. 

Wisconsin 

Wyoming 


Totals. 


1,032 
199 

2,323 

500 

355 

2,867 

101 

1,003 

170 

511 

1,550 

558 

55 

277 

300 
399 
806 

48 


13.8 

8.4 

10.8 
5.1 
4.4 

16.  7 

12.4 
2.1 
0.2 

10.9 

11.5 
8.9 
8.5 
3.3 

4.  1 

3.0 

4.8 

22.3 

2.3 


29,  548 


9.1 
2.9 

12.6 
4.9 
7.4 

18.2 

12.2 
12.8 
2.8 
0.7 

5.5 
10.  5 
3.0 
3.0 

7.4 
8.2 
7.6 
1.1 


8.1 


13.9 
5.1 
9.  5 

0.5 

11.6 
10.3 

19.5 
8.3 

20.3 
13. 3 

7.4 
8.0 

8.0 

7.0 

12.9 

21.0 

36.8 
3.7 
1.9 


11.5 
9.1 
5.8 
8.8 

8.0 
15.8 
7.5 
4.1 

18.2 


Mileage  of 
Slate  pri- 
mary system 


17.4 

23.0 

12.0 
0.5 
7.9 

17.0 

7.0 
36.1 

7.1 
14.9 

7.2 
17.7 
7.0 
6.9 

4.0 
18.2 
9.5 
5.5 


9.4 


7,371 
3,864 

9,  754 
5,124 

4,170 
2,913 
1,118 
8,737 

14,389 
5,170 
11,989 
10,  422 

9,717 
9,  890 
10,  532 
4,561 

3,198 
4,521 
1,940 

'.),  522 

11,221 
3,954 
8,012 
5,807 

9,220 
2,224 
1,590 
1,097 

10.  089 
14,225 
11,362 
6, 903 

18,390 

10. 104 

4,822 

15,747 

831 
8,327 
6.030 
7,576 

28, 377 
5,302 
1,804 
9,324 

4,139 
4,884 
10,  657 
4,382 


Total  urban 
mileage 


300, 508 


4,300 

1,324 

4,609 

17,218 

3,  537 
3,862 

'  528 
11,  908 

5, 390 

1,530 

22,  391 

10,  990 

13,144 

'  7,214 
3,  5X5 
3, 688 

1  1.080 
2,  518 
0,  220 

13,526 

11.260 
3,882 

12,  703 
2,200 

5, 050 

418 

1,024 

9,101 

1.200 

1  17,358 

1  5,  932 

865 

19,318 
7,  644 
4,467 

10,312 

1,446 
2,947 

2,  381 

3,  424 

21.425 

3,151 

787 

'  3,  999 

6,583 

2,194 

8,484 

875 


315,148 


1  Estimated. 

2  No  urban  extensions  under  State  control. 

Local  Consent  Requirements 

The  enactments  of  12  States  21  contain  vary- 
ing requirements  for  local  consent  before  the 
State  highway  department  may  establish 
urban  extensions  of  the  State  system  in 
urban  areas.  In  Iowa,  Kentucky,  and  Rhode 
Island,  the  laws  make  State  improvements  on 
urban  extensions  contingent  on  the  approval 
of  the  governing  body  of  the  municipality 
involved.  The  Ohio  code  contains  a  similar 
provision,  excepting  from  the  consent  provi- 
sion, however,  any  improvement  of  a  State 
highway  in  a  municipality  if  it  constitutes  a 
part  of  the  Federal-aid  highway  system. 

Not  quite  as  broad  a  restriction  is  the  Dela- 
ware requirement  that  the  State  may  not 
change  the  width  of  a  street  without  the  con- 
sent of  the  town  traversed  by  the  highway. 
Street  construction  by  the  State  in  Maryland 

21  Delaware,  Georgia,  Iowa,  Kansas,  Kentucky,  Maryland, 
Minnesota,  Ohio,  Oregon,  Rhode  Island,  South  Carolina, 
and  Utah. 


and  Oregon  must  be  in  conformity  with  grades 
approved  by  municipal  authorities.  Plans 
and  specifications  in  Minnesota  must  be  ap- 
proved by  the  municipality.  Georgia  law 
indicates  that  construction  shall  comply  with 
all  reasonable  municipal  ordinances.  The  type 
of  improvement  undertaken  by  the  State  in 
Kansas  is  to  be  determined  by  agreement 
between  the  city  and  the  State  highway  au- 
thorities. Construction  of  State  highway  ex- 
tensions in  Utah,  undertaken  by  agreement 
with  local  officials,  shall  conform  to  the  direc- 
tion and  grade  of  other  streets  in  the  munici- 
pality. 

Designation  of  Urbtm  Extensions 

The  power  to  designate  streets  in  urban 
areas  as  additional  extensions  of  the  State 
highway  system  can  provide  the  basis  for 
improvement  of  urban  highways  other  than 
present  extensions  of  the  State  system. 
(Text  continued  oh  page  182) 
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State 

State  authority  for  urban  extensions  of  State  primary  highways 

Financing 

Acquisition  of  right-of-way  in  name 
of  State 

Construction 

Maintenance 

Yes 

But  State  may  finance  only  50  per- 
mit of  cost  of  right-of-way. 

Yes 
But  right  is  contingent  upon  fail- 
ure by  county  or  municipality  to  ac- 
quire lands. 

Yes 
Provided  Director  of  Highways  has 
designated  the  streets  as  connecting 
links. 

Yes 
Provided  Director  of  Highways  has 
designated  the  streets  as  connecting 
links. 

Yes 
Bv  implication  since  State  has  this 
authority  for  State  highways  and  may, 
by     agreement     with     incorporated 
cities  or  towns,  designate  streets  as 
State  highways. 

Yes 
By  implication  since  State  has  this 
authority  for   State  highways  and 
may,  by  agreement  with  incorpo- 
rated cities  or  towns,  designate  streets 
as  State  highways. 

Yes 

By  implication  since  State  has  this 
authority  for  State  highways  and  may, 
by  agreement  with  incorporated  cities 
or  towns,  designate  streets  as  State 
highways. 

Yes 
By  implication  since  State  has  this 
authority  for  State  highways  and  may, 
by  agreement  with  incorporated  cities 
or  towns,  designate  streets  as  State 
highways. 

Arkansas . 

Yes 
By  implication  since  State  is  author- 
ized to  use  any  funds  available  for  con- 
struction and  maintenance  of  roads 
embraced  in  State  highway  system, 
which  extends  through  cities. 

Yes 
By   implication   since   State   has 
power  of  eminent,  domain  for  carry- 
ing out  enterprises  entrusted  to  its 
supervision.    Only  an  easement  for 
highway  purposes  may  be  acquired. 

Yes 

By  implication  since  State  is  author- 
ized to  construct  roads  in  State  high- 
way system,  which  extends  through 
cities. 

Construction  work  to  be  distributed 
throughout  counties  so  as  to  maintain 
a  parity  between  them  as  far  as  practi- 
cal. 

Yes 
By  implication  since  State  is  author- 
ized to  maintain  roads  in  State  high- 
way system,  which  extends  through 
cities. 

California... 

Yes 
State  highways  in  cities  shall   be 
maintained,    constructed,    and    im- 
proved out  of  moneys  in  State  high- 
way fund. 

Yes 
State  may  acquire  any  real  prop- 
erty which  it  considers  necessary  for 
State  highways  including  those  with- 
in cities,  or  may  request  governing 
body  of  city  to  acquire  necessary 
land— title  or  interest  to  be  taken  in 
name  of  State. 

Yes 
Or  may  enter  into  cooperative  agree- 
ment  with   city   for  performance  of 
work. 

Yes 
Or  may  enter  into  cooperative  agree- 
ment  with   city   for   performance  of 
work. 

Colorado 

Yes 

State  highways  include  streets  form- 
ing necessary  or  convenient  links  for 
carrying  such  highways  through  cities 
and  towns. 

In  addition  to  other  funds,  remain- 
der of  3-percent  motor-fuel-tax  fund, 
created  by  act  of  1935,  to  be  used  for 
construction     and     maintenance     of 
streets,  roads,  or  highways  on  desig- 
nated State  highway  system,  in  pro- 
portion to  motor-vehicle  registration. 

Yes 

Yes 

State  highways  may  be  designated, 
established,  and  constructed  in,  into, 
or  through  cities  and  towns  when  such 
highways  form  necessary  or  conven- 
ient   connecting    links    for    carrying 
Statft  highways   through   cities   and 
towns. 

No 
Unless  funds  are  derived  from  re- 
mainder of   3-percent    motor-fuel-tax 
fund   allocated    for   improvement   of 
State  highways  in  towns,  cities,  and 
counties  under  1935  act,  State   high- 
ways in  cities  or  towns  to  be  main- 
tained by  city  or  town,  except  that  by 
agreement  between  State  and  city  or 
town,  State  may  perform  or  pay  for 
all  or  part  of  maintenance. 

Connecticut 

Yes 
But  only  one  east- west  route  and 
one  north-south  route  through   each 
city  and  town  shall  be  included  in 
trunk  line  highway  system. 

Yes 
By  implication  since  State  may  ac- 
quire land  for  lay-out,  construction, 
repair,  or  maintenance  of  any  trunk 
line  highways,  which  may  extend 
through  cities. 

Yes 
But  only  one  east-west  route  and 
one  north-south  route  through  each 
city  and  town  shall  be  included  in 
trunk  line  highway  system. 

Yes 

Except  those  portions  of  trunk  line 
system  not  built  or  not  accepted  under 
statutes  relating  to  State  aid  or  not 
improved  at  State  expense. 

— 
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in  municipalities,  and  related  provisions, 

1948 

State  authority  for  urban  highways  other  than  extensions  of  State  primary  system 

State  authority  for  urban  con- 
trolled-access  highways 

Supplementary  comments 

Financing 

Acquisition  of  right-of- 
way  in  name  of  State 

Construction 

Maintenance 

No 

Except  on  streets  abutting 
a  State  educational  or  charitable 
institution,   or    through    its 
grounds.    In  such  case  State 
participation  may  vary  from 
50  to  100  percent. 

State  also  allocates  portion 
of  motor-vehicle  and  fuel-tax 
funds  to  cities  and  towns  for 
construction,    improvement, 
and  maintenance  of  highways 
and  streets. 

No 
Except  on  streets  abut- 
ting a  State  educational 
or  charitable  institution 
or  through  its  grounds. 

No 
Except  on  streets  abut- 
ting   a    State    educational 
or     charitable     institution 
or  through  its  grounds. 

No 
Except    on    streets    abut- 
ting    a     State     educational 
or    charitable    institution    or 
through  its  grounds. 

A 1945  act  provides  for  coop 
eration  with  the  United  States 
to  obtain  benefits  of  Federal- 
aid  Highway  Act  of  1944. 

State  Highway  Department 
has  power  to  designate  State 
highways. 

No 
Except  by  implication  on 
State  routes  designated  as  po- 
tential State  highways. 

No 
Except  by  implication 
on   State   routes   desig- 
nated as  potential  State 
highways. 

No 
Except  by  implication  on 
State  routes  designated  as 
potential  State  highways. 

No 
Except  by  implication  on 
State    routes    designated    as 
potential  State  highways. 

State   Highway    Commis- 
sion is  authorized  to  lay  out 
and  establish  a  complete  sys- 
tem of  State  routes  and  to  de- 
termine what  State  routes  or 
portions  thereof  shall  be  ac- 
cepted  as   State   highways. 
Under  designated  conditions 
Commission  may  designate 
secondary    State    highways. 
State  Highway  Commission 
and  governing  body  of  cities 
may  select   routes  of  State 
highways  through  cities. 

By  administrative  act,   10 
percent  of  State  highway  fund 
(i.  e.,  one-third  of  30  percent 
allocated  to  counties)  is  dis- 
tributed   to    cities    for    im- 
provement, construction,  and 
maintenance    of    municipal 
streets  and  highways  in  pro- 
portion to  city  population  in 
each  county. 

No 

No 

No 
But   State  may   perform 
engineering  service  and  su- 
pervision of  construction  on 
the  basis  of  100  percent  re- 
imbursement by  the  organi- 
zation financing  the  work. 

No 

State  highways  are  defined 
by  statute  to  be  those  pri- 
mary, secondary,   and   con- 
necting roads  as  shown  on  an 
official    "Map   of   Arkansas 
showing  State  Highway  Sys- 
tem,"  including   those   por- 
tions of  said  routes  extending 
into  or  through  incorporated 
towns  and  cities. 

The  State  Highway  Com- 
mission   may    make    such 
changes   in    State    highway 
system  as  it  deems  necessary 
but  may  not  eliminate  any 
part  of  system. 

Provision  is  made  for  coop- 
eration with  Federal  Govern- 
ment to  obtain  benefits  of 
Federal-aid  Highway  Act  of 
1916. 

Yes 
Five-eighths  of  1  cent  per  gallon 
tax  al  located  to  cities  on  basis  of 
population;  %  for  construc- 
tion of  streets   included   in 
system  of  major  streets;  %  for 
maintenance  of  system  of  ma- 
jor streets  and  of  secondary 
street  system. 

No 
Unless  under  act  of 
1945  authorizing  agree- 
ments   between     State 
and  any  city  for  acquisi- 
tion of  property  for,  con- 
struction, improvement, 
and  maintenance  of  any 
highway  including  those 
not   on   State   highway 
system  to  be  constructed 
with  Federal  aid. 

Yes 
But  the  State  shall  dele- 
gate such  functions  to  city  if 
satisfied   that   city   is 
equipped  to  conduct  work 
efficiently. 

Yes 
But   the   State  shall  dele- 
gate such  functions  to  city  if 
satisfied  that  city  is  equipped 
to    conduct  work  efficiently. 

Freeways     are     identified 
with  State  highways. 

State  is  authorized  to  enter 
into  agreements  with  any  city 
council  concerning  the  closing 
of  any  city  street  at  or  near 
the  point  of  its  intersection 
with  any  freeway  or  to  make 
provision    for   carrying   such 
city  street  over  or  under  or  to 
a   connection  with   the   free- 
way.   The  State  may  do  any 
work  on  such  city  street  as  is 
necessary. 

State   highways   are   desig- 
nated by  constitution  or  legis- 
lature. 

Act  of  1945  provides  for  co- 
operation with  Federal  Gov- 
ernment to  obtain  benefits  of 
Federal-aid  Highway  Act  of 
1944. 

No 

But  State  allocates  portion 
of    motor-fuel-tax    funds    to 
cities  and  incorporated  towns 
through  counties,  on  basis  of 
number  of  motor-vehicle  li- 
censes issued,   for   work  on 
public  highways  and  streets 
within  corporate  limits. 

No 

No 

NO 

Freeways  are  identified  with 
State  highways. 

State     highway     engineer, 
with  approval  of  governor,  is 
authorized  to  enter  into  agree- 
ments with   cities  or   towns 
having  jurisdiction  over  city 
or  town  streets  concerning  the 
closing  of  any  city  street  at  or 
near  point  of  its  intersection 
with  the  freeway  or  to  make 
provisions  for  carrying  such 
city  street  over  or  under  or  to 
a  connection  with  the  freeway 
and  shall  do  any  and  all  work 
on  such  city  street  as  is  neces- 
sary therefor.     Authority  ex- 
tends to  establishment  of  local 
service   roads   in   connection 
with  freeways. 

1945  act  authorizes   funds 
for  cooperation  with  Federal 
Government  to  obtain  bene- 
fits of  Federal-aid  Act  of  1944. 

State  highways  may  be  des- 
ignated into  or  through  cities 
when   such    highways   form 
necessary  or  convenient  con- 
necting   links    for    carrying 
State     highways     into     or 
through  such  cities. 

Yes 
In  connection  with  State- 
aid    highways    on    mileage 
basis.    State  allocates  $5  mil- 
lion per  year  to  towns  for 
improvement  or  maintenance 
of  local  roads  or  streets  and  $1 
million  for  improvement  of 
local   dirt  and   unimproved 
roads  on  mileage  basis. 

Yes 
In    connection    with 
State-aid  highways. 

Yes 
In  connection  with  State- 
aid  highways. 

Yes 
In  connection  with   State- 
aid  highways. 

Parkways  and  freeways  are 
identified   with   State   trunk 
line  system. 

State  is  authorized  to  lay  out 
and   construct   service   high- 
ways to  provide  access  from 
areas  adjacent  to  parkway  or 
freeway. 

Trunk  line  system  is  estab- 
lished by  law  but  State  High- 
way Commissioner  may  re- 
locate any  section  for  safety 
purposes. 

Provision  is  made  for  coop- 
eration with  Federal  Govern- 
ment to  obtain  benefits  of 
Federal-aid  Highway  Act* of 
1916. 
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State 

State  authority  for  urban  extensions  of  State  primary  highways 

Financing 

Acquisition  of  right-of-way  in  name 

hi  state 

Construction 

Maintenance 

Yes 
Construction  and  maintenance  shall 
be  at  sole  expense  of  stale  unless  gov- 
erning   body    of   incorporated    town 
agrees  to  other  terms. 

Yes 
By  implication  since  State  may 
acquire  land    for   State   highways, 
which  extend  through  cities. 

Yes 
And  State  has  exclusive  control  over 
roads  so  built,  except  that  State  may 
not  change  width  of  highway  in  incor- 
porated town  except  with  consent  of 
town. 

Yes 

State  has  sole  control  over  mainte- 
nance. 

Urban  extensions  of  State  highways 
shall  not  be  undermined,  broken, 
opened,  or  torn  for  any  purpose  except 
by  written  permit  of  State. 

Florida.    

Yes 
rt  being  expressly  declared  by  the 
legislature  that  city  and  town  streets 
and  roads,  viaducts,  and  bridges  that 
constitute  connections  between  or  ex- 
tensions of  state  roads  as  municipal 
connecting  links  serve  a  State  purpose 
and  are  for  general  benefit  of  State; 
that  it  is  a  legitimate  State  function  to 
provide  cost,  of  maintenance,  repair, 
construction,  and  reconstruction. 

Yes 

By  implication  since  State  may 
acquire  land  for  State  highways  and 
certain  streets  may  be  designated  as 
municipal  connecting  links  of  State 
highway  system. 

Yes 

The  State  shall  construct  or  recon- 
struct municipal  links  to  conform  to 
type  of  construction  used  on  State 
roads. 

State  is  not  obliged  to  remove  or 
re-lay     any     underground     sanitary 
sewers  or  gas  or  water  mains  or  other 
public  utility. 

Yes 

State  is  authorized  and  directed  to 
maintain  and  repair  designated  mu- 
nicipal connecting  links. 

State  is  authorized  to  enter  into  any 
contract  with  cities  and  towns  and 
Federal  Government  for  such  purposes. 

State  not  required  to  sweep,  sprinkle, 
or  light  municipal  connecting  link 
roads.  Permit  for  public  utility  in- 
stallations must  be  obtained  from  State 
with  concurrence  of  affected  city  or 
town. 

Georgia 

Yes 
With  respect  to  streets  or  portions 
thereof   forming  continuations  of  or 
links  in  State-aid  system  of  roads. 

Yes 
With  respect  to  streets  or  portions 
thereof  forming  continuations  of  or 
links  in  State-aid  system  of  roads. 

Yes 

With  respect  to  streets  or  portions 
thereof  forming   continuations   of  or 
links   in   State-aid  system   of  roads. 
State  construction  shall  comply  with 
all  reasonable  municipal   ordinances 
not    in   conflict    with    specifications, 
rules,  and  regulations  of  State  High- 
way Commission  which  acts  as  ad- 
visory board  to  State  Highway  Direc- 
tor. 

Yes 
With  respect  to  streets  or  portions 
thereof  forming  continuations   of  or 
links   in   State-aid   system   of   roads. 
State  maintenance  shall  comply  with 
all  reasonable  municipal  ordinances 
not  in  conflict  with  specifications  of 
State.     This  shall  not  be  construed  as 
relieving  the  several  municipalities  of 
maintaining  their  streets  in  a  reason- 
ably safe  condition. 

Idaho 

Yes 
And  apportionment  of  cost  of  joint 
improvement  or  construction  as  be- 
tween State  and  counties,  highway  or 
good  roads  districts,  cities,  or  villages 
shall  be  fixed  by  agreement. 

Yes 
Right-of-way  for  any  State  high- 
way to  be  constructed  by  coopera- 
tion of  State  with  any  city  or  village 
may  be  procured  by  State,  county, 
highway  district,   city,  or  village, 
jointly  or  severally. 

Yes 
State  has  exclusive  jurisdiction,  sup- 
ervision,   and  control  over  location, 
maintenance,  repair,  and  reconstruc- 
tion of  street  within  corporate  limits 
of  city,  village,  county,  or  highway- 
district,  designated  as  part  of  a  State 
highway.    State  authorized  to  enter 
into  agreements  with  counties,  high- 
way or  good  road  districts,  cities,  and 
incorporated  villages  for  improvement 
of  existing  State  highways. 

No 
Unless  population  is  under  2,50(1  or  if 
such  road  is  part  of  a  city  or  incorpor- 
ated  village  having  population  of  more 
than  2,500  and  less  than  6,000,  State 
may  enter  into  maintenance  agree- 
ment with  such  city  or  incorporated 
village.    Apportionment    of   cost    in 
such  case  is  not  to  exceed  50  percent 
to  be  paid  by  State.    In  cities  of  0,000 
population  or  more,  maintenance  shall 
be  wholly  at  expense  of  city. 

Illinois 

Yes 

But  only  to  type  and  width  required 

to  care  for  traffic  and  parking  needs. 

Yes 
If  designated  by  Department  of 
Public  Works  as  street  or  thorough- 
fare to  form  part  of  or  connect  with 
State  highway  system  leading  up  to 
corporate  limit  of  city. 

Yes 
But.  only  to  type  and  width  required 
to  care  for  traffic  and  parking  needs. 

Yes 

But  only  to  type  and  width  required 
to  care  for  traffic  and  parking  needs. 

Yes 
Shall  maintain  and,  to  extent  funds 
are  available,  may  construct  and  im- 
prove   roadway     of    streets    or    any 
pari   thereof,  to  such  width  as  may 
be  determined  by  State  in  all  incor- 
porated eities  and  towns  ovci  which 
highways    in    Shite  highway  system 
are  routed. 

Yes 
But  may  allow  or  require  eities  or 
towns  affected  to  procure  al  own  ex- 
pense. 

Yes 
May  construct  and  improve  streets 
or  any  part  thereof  to  such  width  as 
may  be  determined  by  State  in  all  in- 
corporated cities  and  towns  over  which 
highways  in  State  highway  system  are 
routed. 

Yes 
Shall  maintain  streets  over  which 
State  highways  are  routed,  including 
curbs  and  gutters,  catch  basins,  and 
inlets.    May    regulate    and    control 
parking  on  streets. 

- 
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in  municipalities,  and  related  provisions,  1948 — Continued 


State  authority  for  urban  highways  other  than  extensions  of  State  primary  system 

State  authority  for  urban  eon- 
trolled-access  highways 

Supplementary  comments 

Financing 

Acquisition  of  right-of- 
way  in  name  of  State 

Construction 

Maintenance 

No 
Except    with    respect    to 
roads  leading  from  any  pub- 
lie  road   to  any  institution 
owned  or  controlled  in  whole 
or  in  part  by  State. 

No 

Except  with  respect  to 
roads  leading  from  any 
public  road  to  any  insti- 
tution  owned   or   con- 
trolled in  whole  or  in 
part  by  State. 

No 
Except    with    respect    to 
roads  leading  from  any  pub- 
lic road  to  any  institution 
owned  or  controlled  in  whole 
or  in  part  by  State. 

No 
Except     with     respect     to 
roads  leading  from  any  public 
road  to  any  institution  owned 
or  controlled  in  whole  or  in 
part  by  State. 

State   Highway  Depart- 
ment designates  State  high- 
way system. 

No 

No 

No 

No 

Limited-access  highways 
are  identified  with  State  high- 
ways. 

State    highway   authorities 
may   establish   limited-access 
facilities    and     local     service 
roads   wherever   they   are   of 
opinion  that  traffic  conditions 
warrant,  subject  to  municipal 
consent   within  incorporated 
cities    and    towns,    and    are 
authorized  to  enter  into  agree- 
ment  with    cities,   towns,  or 
villages  respecting  financing, 
planning,  establishment,  im- 
provement, maintenance,  use, 
regulation,  or  vacation  of  such 
facilities. 

Legislature    designates 
State   highway  system   but 
road  department  may  deter- 
mine and  fix  lines  and  loca- 
tions between  cities.    State 
road  department  designates 
municipal    connecting    link 
roads. 

A  1945  act  provides  for  co- 
operation with  Federal  Gov- 
ernment to  obtain  benefits  of 
Federal-aid  Highway  Act  of 
1944. 

Yes 
State  has  authority  to  co- 
operate with    Federal   Gov- 
ernment, counties,  and  mu- 
nicipalities in  planning,  sup- 
ervising, locating,  improving, 
and  constructing  roads  and 
streets. 

No 

Yes 
State  has  authority  to  co- 
operate with  Federal  Gov- 
ernment, counties,  and  mu- 
nicipalities in  planning,  sup- 
ervising,  locating,   improv- 
ing, and  constructing  roads 
and  streets. 

Yes 
State  has  authority  to  coop- 
erate with    Federal    Govern- 
ment, counties,  and  munici- 
palities in  planning,  supervis- 
ing, locating,  improving,  and 
constructing  roads  and  strei  1 

State  Highway  Board  des- 
ignates State  highways,   in- 
cluding   streets,    as    consti- 
tuting part  of  State-aid  sys- 
tem,    with     proper     notice 
thereof  to   local   chief  execu- 
tive. 

No 
But  State  may  cooperate 
with    Federal    Government, 
counties,   highway  districts, 
and  municipalities  for  con- 
struction, improvement,  and 
maintenance    of    secondary 
or  feeder  roads  not  on  State 
highway  system. 

No 

No 

But  State  may  cooperate 
with  Federal  Government, 
counties,  highway  districts, 
and  municipalities  for  con- 
struction, improvement,  and 
maintenance    of   secondary 
or  feeder  roads  not  on  State 
highway  system. 

No 
But    State   may    cooperate 
with     Federal    Government, 
counties,    highway    districts, 
and    municipalities    for   con- 
struction, improvement,  and 
maintenance  of  secondary  or 
feeder  roads  not  on  State  high- 
way system. 

Department    of       Public 
Works  designates  State  high- 
ways,   including    highways 
within  limits  of  incorporated 
cities  and  villages. 

A   1945    act   provides    for 
cooperation  with  the  United 
States    under    any     act    of 
Congress.     City  streets  are 
specifically  included. 

Yes 
State     allocates     part    of 
motor-fuel-tax  fund  to  cities 
for  construction  and   main- 
tenance of  system  of  arterial 
highways,     and    other    im- 
proved   streets    other    than 
State  highways,   subject  to 
consent  of  State,  and  appor- 
tioned   in   accordance    with 
population  as  determined  by 
last  census. 

No 

NO 
But  work  done  with  funds 
allocated   from    motor-fuel- 
tax  fund  is  subject  to  ap- 
proval of  State. 

No 

Department       of       Public 
Works  is  authorized  to  desig- 
nate and  establish  any  existing 
or  proposed  highway  under  its 
jurisdiction  as  a  freeway;  has 
same  authority  to  limit  access, 
acquire   land,    and   establish 
local  service  roads  as  for  State 
highways;  may  by  agreement 
with  city  or  village  provide 
for    elimination    of    highway 
crossings  at  grade. 

State  highway  system  des- 
ignated   by   legislature   but 
Department  of  Public  Works 
may   relocate   urban   exten- 
sions to  better  serve  traffic 
demands. 

Provision  is  made  for  coop- 
eration with  Federal  Govern- 
ment to  obtain  benefits  of 
Federal-aid  Highway  Act  of 
1916  and  subsequent  amend- 
ments enacted  by  Congress. 

State    highways    include: 
(1)  State-aid  roads,  (2)  State 
bond  issue  roads,  (3)  Federal- 
aid  roads,  (4)  Highways  con- 
structed by  State  in  cities, 
villages,  and  towns  on  routes 
designated  as  1  to  46  of  State 
bond  issue  act  of  1917,   (5) 
State  highway  extensions  in 
cities,   towns,   and   villages, 
(6)  Streets  in  cities  of  7,500 
inhabitants    or    less    where 
State  made  refunds  to  cities 
for  construction,  (7)  Belt  line 
routes    through    or    around 
cities  to  connect  State  high- 
ways, (8)  All  highways  sub- 
sequently added  to  and  in- 
cluded within  such  system. 

Yes 

State  allocates  part  of  mot- 
or-vehicle and  motor-fuel-tax 
funds  to  cities  and  towns  for 
construction     and     mainte- 
nance of  streets  and  alleys  on 
basis  of  population. 

State  may  match  funds  ap- 
portioned   by    Congress   for 
construction  of  secondary  or 
feeder  roads  through  munici- 
cipalities    with    consent    of 
municipality  and  county. 

No 

No 

But  may  construct  second- 
ary or  feeder  roads  through 
municipalities  with  matched 
Federal    funds    subject    to 
consent  of  municipality  and 
county. 

No 
But  municipality  or  county 
is   authorized    to   enter   into 
agreement     with     State     for 
maintenance  of  secondary  or 
feeder  roads  through  munici- 
pality, if  improved  with  Fed- 
eral and  State  funds. 

State   highway   authorities 
acting  alone  or  in  cooperation 
with  local    agencies    are  au- 
thorized to  participate  in  es- 
tablishment of  limited-access 
facilities    and     local     service 
roads,  provided  that,  within 
cities  and  towns  such  author- 
ity shall  be  subject   to  such 
municipal  consent  as  may  be 
provided  by  law.    State  may 
enter   into   agreements   with 
cities   and   towns   respecting 
financing,  planning,  establish- 
ing,    improvement,     mainte 
nance,  use,  regulation,  or  vaca- 
tion of  limited-access  facilities 
under  their  jurisdiction. 

State  Highway  Commission 
may  add  routes  to  primary 
system  subject  to  approval 
of  governor. 

Provision   is   made   for  co- 
operation with  Federal  Gov- 
ernment  to  secure    benefits 
of  present  and  future  Federal 
allotments. 
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Table  3. — Statutory  authority  of  State  highway  departments 


State  authority  for  urban  extensions  of  State  primary  highways 

Financing 

Acquisition  of  right-of-way  in  name 
of  State 

Construction 

Maintenance 

Iowa 

Yes 
Provided  uof  more  Mian  25  percenl 
of  primary  road  fund  is  used  for  this 
purpose  in  one  year. 

Yes 
May  purchase  or  condemn  nec- 
essary right-of-way  for  extension  of 
primary  roads  within  cities. 

Yes 
Subject  to  approval  of  council,  may 
construct  extensions  of  primary  road 
system  within  any  city  or  town,  in- 
cluding cities  under  special  charter, 
but  width  shall  not  exceed  that  of  pri- 
mary road  system. 

Yes 

Subject  to  approval  of  council,  may 
maintain  extension  of  primary  road 
system  within  any  city  or  town  includ- 
ing cities  under  special  charter. 

Cities  over  2,500  may  elect  to  main- 
tain extensions  in  which  case  State  pays 
$350  per  year  per  mile. 

Yes 
On  connecting  links  of  State  high- 
way system  to  same  width  and  com- 
parable type  as  that  of  State  highway 
approaching     city.    State     allocates 
$250  per  mile  per  year  from  highway 
fund  for  maintenance  of  connecting 
links  of  State  highway  system  through 
cities. 

No 
But  State  may  contribute  to  cost 
of  acquisition  in  cities  of  third  class. 

Yes 
May  assist  cities  in  construction  and 
reconstruction  of  such  streets  as  are 
connecting  links  on  State  highway  sys- 
tem,  to  width  and  type  of  highway 
approaching  city.    Type  of  construc- 
tion to  be  determined  by  agreement 
between  city  and  State. 

No 
B  ut  in  cities  of  first  and  second  clas- 
ses, State  is  required  to  pay  city  $250 
per  mile  per  year  for  maintenance  of 
connections  on  State  highway  system; 
may  maintain  in  cities  of  third  class 
or  pay  city  $250  per  mile  therefor. 

Yes 
On   connecting   links   of   State   or 
Federal-aid   highways   or   such   city 
streets  as  State  determines  to  be  feeder 
roads  necessary  to  produce  adequate 
system  of  highways. 

No 
City  must  deed  right-of-way  it 
owns  to  State.    State  may  partici- 
pate in  new  or  additional  right-of- 
way. 

Yes 
When  such  streets  have  been  desig- 
nated by  the  State  as  connecting  links 
of  State  primary  roads  or  feeder  streets 
necessary  to  produce  adequate  system 
of  highways.    Type  to  be  as  high  as 
that  outside  city.    Plans  and  specifi- 
cations subject  to  approval  of  city 
authorities  and  city  must  establish 
grade  in  conformity  therewith. 

Yes 
On  connecting  links  of  Federal-aid 
or  State  highways,  or  on  city  streets 
or  portions  thereof  over  which  such 
highways  are  routed,   or  on  feeder 
streets  necessary  to  produce  adequate 
system  of  highways,  but  State  need 
not  sweep,  sprinkle,  light,  or  police 
same. 

Louisiana.- 

Yes 
On  streets  and  roads  in  cities,  towns, 
and  villages,  which  connect  two  State 
highways  or   form   continuations   of 
any  State  highway,  State  has  full  au- 
thority to  finance.    Maintenance  may 
be  limited  to  50  percent  participation 
if  population  is  10,000  or  over. 

Yes 
State  has  full  authority  to  acquire 
right-of-way  for  streets  and  roads  in 
cities,  towns,  and  villages,  which 
connect  two  State  highways  or  form 
continuations  of  any  State  highway. 

Yes 
State  has  full  authority  to  construct 
streets  and  roads  in  cities,  towns,  and 
villages,    which    connect    two    State 
highways  or  form  continuations  of  any 
State  highway. 

Yes 
State  has  full  authority  to  maintain 
streets  and  roads  in  cities,  towns,  and 
villages,    which    connect    two    State 
highways  or  form  continuations  of  any 
State  highway. 

Maine 

Yes 
Expense  of  constructing  State  high- 
ways shall  be  borne  wholly  by  State, 
except   as  otherwise   provided.     No 
funds  for  construction  derived  from 
any  bond  issue  to  be  expended  on  high- 
ways   within    compact    portions    of 
towns  of  over  5,000  population. 

Yes 
By  implication  since  State  may 
purchase,  take  over,  and  hold  for 
public  use  such  land  as  may  be  nec- 
essary for  State  highways,   which 
extend  through  built-up  or  compact, 
portions  of  towns. 

Yes 
By  implication  since  State  is  au- 
thorized to  construct  and  maintain 
State  highways,  which  extend  through 
built-ur>or  compact  portions  of  towns. 

No 
Except  in  cities  under  5,000  popula- 
tion and  in  cities  over  5,000  population 
where  houses  are  more  than  200  feet 
apart  for  distance  of  !4  mile;  if  city 
fails  to  maintain,  State  may  perform 
work  and  collect  from  town. 

Marti,  and... 

Yes 
By   implication   since   State   high- 
ways   are     presumed     to    continue 
through     cities.     Specific    authority 
exists  to  finance  State  highways  ex- 
tending through  Baltimore. 

Yes 
By  implication  since   State  has 
such  authority  for  State  highways, 
which   are   presumed   to   continue 
through  cities. 

Yes 

But  streets  or  highways  in  incorpo- 
rated cities  must   be  in   conformity 
with  street  grades  approved  by  munic- 
ipal authorities. 

Yes 

With   respect    to   all    State   roads 

constructed  by  State  or  brought  under 

its  control,  but  roads  improved  by 

State  in  Baltimore  become  city  streets. 
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Table  3. — Statutory  authority  of  State  highway  departments 


State  authority  for  urban  extensions  of  State  primary  highways 

Financing 

Acquisition  of  right-of-way  in  name 
of  State 

Construction 

Maintenance 

Massachusetts. 

Yes 

cite  highways  are  constructed 
..  herever  located. 

Yes 
May  take  land  for  State  highways 
or  connecting  ways. 

Yes 
State   has   authority   to   construct 
State  highways  wherever  convenient 
or  necessary. 

Yes 
State  may  maintain  all  State  high- 
ways or  contract  with   town  to  do 
work. 

Yes 
On  urban  extensions  of   trunk  line 
highways  or  connecting  routes  if  re- 
quested by  legislative  body,  100  per- 
cent if  population  under  20,000  to  50 
percent  if  population  over  50,000;  also 
50  percent  of  cost  of  additional  width 
over  that  outside  city  limits. 

Yes 
On  all  trunk  highways  and  con- 
necting links  subject  to  municipal 
consent. 

Yes 
Or  may  contract  with  cities  or  vil- 
lages to  do  work. 

Yes 
Or  may  contract  with  cities  or  vil- 
lages to  do  work. 

Yes 
To  normal  width  of  highway  out- 
side city. 

Y'ES 

By    implication    since    State    is 
authorized  to  acquire  by  purchase, 
gift,  or  condemnation  all  necessary 
right-of-way  for  laying  out  and  con- 
structing   trunk   highway   system, 
which  extends  through  cities. 

Yes 
To  width  outside  city,  but  plans 
and  specifications  must  be  approved 
by  municipal  authorities.    Cities  may 
perform  work  under  agreement  with 
State. 

Yes 
To  width  outside  city,  but  city  may 
do  work  under  agreement  with  State. 

Mississippi    

No 

Except  in  towns  of  less  than  2,500  in- 
habitants or   where   houses  average 
more  than  200  feet  apart  "for  a  mile  or 
fraction  thereof." 

No 

Except  in  towns  of  less  than  2,500 
population  or  where  houses  average 
more  than  200  feet  apart  "for  a  mile 
or  fraction  thereof,"  wherein  State 
may  acquire  right-of-way  of  such 
width  as  it  may  determine  to  be 
necessary. 

No 
Except  in  towns  of  less  than  2,500 
population  or  where  houses  average 
more  than  200  feet  apart  "for  a  mile  or 
fraction  thereof."  State  may  construct 
to  width  of  State  highway  outside 
town. 

Yes 
Whenever  streets  of  municipality 
are  used  by  State  as  part  of  its  primary 
road  system. 

Missouri 

(Based  largely  on  the 
1945  State  constitution.) 

Yes 
Any  highway  in  any  city  or  town 
found  necessary  as  continuation  of  any 
State  or  Federal  highway  or  any  con- 
nection therewith  into  and  through 
city  or  town. 

No 

Yes 

On  continuations  of  State  highways 

or    connections    therewith    into   and 

through   cities   and     towns   without 

limitations  concerning  width  or  type. 

Yes 
But  may  enter  into  contracts  with 
cities,  counties,  or  other  political  sub- 
divisions to  do  work. 

Montana . 

No 

Unless  Federal  funds  are  involved- . 

No 

No 
Unless  Federal  funds  are  involved.. 

4i 

No 
Unless  Federal  funds  are  involved.. 

Nebraska 

Yes 
By  implication  since  Stale  is  respon- 
sible for  improvement  and  mainten- 
ance of  State  highway  system,  which 
apparently  runs  through  cities.   May 
finance    100-percent    of    maintenance 
costs  only  in  cities  under  2,500  popula- 
tion and  50-percent  in  cities  between 
2,500  and  25,000  population,  to  24-foot 
width. 

Yes 
By  implication  since  State  may 
acquire   land   for   State   highways, 
which  apparently  extend   through 
cities. 

Yes 

By  implication  since  State  is  respon- 
sible for  improvement  of  State  highway 
system,   which    apparently    extends 
through  cities. 

Yes 
State  is  required  to  maintain  city 
streets  in  municipalities  under  2,500 
population.    In  municipalities  having 
population  of  more  than  2,500  and  less 
than  25,000,  State  must  maintain  to 
extent  of  one-half  cost  and  not  to  ex- 
ceed 24-foot  width. 
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in  municipalities,  and  related  provisions, 

1948— Continued 

State  authority  for  urban  highways  other  than  extensions  of  State  primary  system 

State  authority  for  urban  con- 
trolled-access  highways 

Supplementary  comments 

Financing 

Acquisition  of  right-of- 
way  in  name  of  State 

Construction 

Maintenance 

Yes 

State  may  match  Federal 
funds    for    improvement    of 
highways  in  cities  or  towns 
subject  to  consent  of  mayor 
or  selectmen. 

State  may  allocate  funds 
for  expenditure  under  its  di- 
rection for  maintaining,  re- 
pairing, improving,  and  con- 
structing town  and  county 
highways.  "Town"  includes 
city. 

State    may    also    allocate 
funds  for  expenditure  under 
direction     of     Metropolitan 
District      Commission      for 
maintenance    of   boulevards 
in    Boston    Metropolitan 
Parks  District  and  for  State's 
share  of  cost  of  construction 
of   boulevards    within    said 
District. 

No 
Except  State  may  ob- 
tain right  cf-way  fcr  im- 
provements    in     cities 
with   Federal  funds  in 
the    name    of    city    or 
town  where  land  lies. 

Yes 
State  may  construct  town 
and    county    highways    in- 
cluding city  streets,  partic- 
ular ways  for  which  funds 
are  appropriated,  and  high- 
ways in  towns  with  valua- 
tion under  $5  million,  or  if 
Federal  funds  are  available, 
subject  to  consent  of  mayor 
or  selectmen. 

No 
Except  if  counties  or  towns 
fail  to  do  so,  State  may  main- 
tain and  charge  costs  to  local 
units. 

State   has   same   authority 
with  regard  to  limited-access 
facilities   as   for    State   high- 
ways. 

There  is  no  legally  desig- 
nated State  highway  system. 
Department  of  Public  Works 
lays  out  State  highways  in 
any  location  where  it  deter- 
mines  that   public  conven- 
ience and  necessity  require. 

No 

Except  portion  of  highway 
fund  allocated  to  cities  and 
villages    (through    counties) 
for  improvement  and  main- 
tenance of  roads  and  streets. 

No 

No 

No 

State  alone  or  in  cooperation 
with  cities  and  towns  author- 
ized  to   establish   limited-ac- 
cess facilities,  subject  to  mu- 
nicipal consent  within  cities 
and  villages.    State  may  pro- 
vide for  elimination  of  inter- 
sections with  city  and  village 
streets  by  grade  separation, 
access,  or  service  road,  or  by 
closing    off    such    streets    at 
boundary  line  of  limited-ac- 
cess highway  but  only  with 
consent  of  city  or  village. 

State    Highway    Commis- 
sioner may  change,  alter,  or 
abandon  location  of  any  por- 
tion of  any  trunk  highway, 
but  must  hear  objections  of 
county  and  city.     State  has 
been   given   authority   from 
time  to  time  to  add  addition- 
al mileage. 

Provision  is  made  for  coop- 
eration with  Federal  Govern- 
ment in  carrying  out  prcvi 
sions  of  Federal-aid   Act  of 
1916  and  amendments  there- 
to. 

Yes 
State-aid    funds    may    be 
used    for    improvement    of 
roads  and  streets  in  villages, 
boroughs,  or  cities  if  desig- 
nated  by  county  as  State- 
aid  roads. 

No 

No 
Except    construction    on 
streets    over    which    trunk 
highways   are   routed,    but 
which  are  not  included  in 
trunk      highway      system; 
must  conform  to  State  speci- 
fications  as   to   grade   and 
drainage. 

No 

State  highway  system  set 
up  in  constitution,  and  legis- 
lature designates   additional 
routes.  State  Highway  Com- 
missioner may  locate  routes 
added  by  legislature. 

Provision  is  made  for  coop- 
eration with  Federal  Govern- 
ment in  carrying  out  laws  of 
United  States  and  any  rules 
and  regulations  made  for  ex- 
penditure of  Federal  funds. 

No 

No 

No 

No 

Legislature  designates  State 
highways  but  State  Highway 
Commission  may  locate,  re- 
locate, widen,  alter,  change, 
etc. 

No 

Except     when     necessary 
to  comply  with  any  Federal 
law  or  requirement. 

No 

No 

Except  when  necessary  to 
comply   with   any   Federal 
law  or  requirement. 

No 
Except  when  necessary  to 
comply  with  any  Federal  law 
or  requirement. 

The  State  Highway  Com- 
mission has  authority  to  limit 
access   to,    from,   and   across 
State  highways. 

State    Highway    Commis- 
sion may  make  minor  reloca- 
tions of  State  highways  pro- 
vided  they  do  not  deviate 
from   designated   points   es- 
tablished by  legislature. 

Provision  is  made  for  co- 
operation with  Federal  Gov- 
ernment   to   secure    Federal 
funds. 

No 
But  portion  of  motor-ve- 
hicle-registration fund  is  al- 
located to  cities  in  specified 
population  groups  (through 
counties)  for  construction  of 
permanent  streets  within  in- 
corporated limits. 

No 

No 
But  may  assist  municipali- 
ties in  construction  of  roads 
to  and  from  municipal  air- 
ports. 

No 

Except  in  connection  with 
roads  to  municipal  airports. 

State   Highway    Commis 
sion     in    conjunction     with 
Board  of  County  Commis- 
sioners designates  State  high- 
ways.   In  practice  State  high- 
ways through  municipalities 
are  constructed  by  the  State 
Highway  Department  when 
Federal  funds  are  involved 
but      maintenance     is     by 
municipalities. 

A  1921  law  provides  for  co- 
operation with  Federal  Gov- 
ernment to  obtain  benefits  of 
Federal-aid  Act  of  1910  and 
all    other  acts  granting  aid 
for  public  highways. 

Yes 

If  Federal  funds  are  involv- 
ed. 

Part  of  motor-fuel-tax  fund 
is  allocated  to  incorporated 
places  (through  counties)  for 
street  improvement  on  basis 
of  population. 

State  also  allocates  funds 
for     maintenance     of     city 
streets. 

No 
Unless  Federal  funds 
are  involved. 

No 

Tjnless  Federal  funds  are 
invoh   1. 

No 

Unless  Federal  funds  are  in- 
volved. 

State  highway   system   is 
designated  by  legislative  de- 
termination.        Apparently 
State  highways  are  designat- 
ed  through   all   cities   with 
population  under  25,000. 
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Table  3. — Statutory  authority  of  State  hightvay  departments 


State 

State  authority  for  urban  extensions  of  State  primary  highways 

Financing 

Acquisition  of  right-of-way  in  name 
of  State 

Construction 

Maintenance 

Nevada 

Yes 
By    implication    since    State    may 
finance  improvements  of  State  high- 
ways, which  extend  through  munic- 
ipalities. 

Yes 
By  implication  since  State  may 
acquire  right-of-way  for  State  high- 
ways, which  extend  through  munic- 
ipalities. 

Yes 

By  implication  since  State  is  respon- 
sible for  construction  of  State  high- 
ways, which  extend  through  munici- 
palities. 

Yes 
By  implication  since  State  is  respon- 
sible for  maintenance  of  State  high- 
ways, which  extend  through  munici- 
palities. 

New  Hampshire. .. 

No 
Except  in  cities  and  towns  under 
population. 

No 
Damages  for  land  taken  for  a  high- 
way are  paid  by  town  in  which  that 
part  of  highway  is  located. 

No 
Except    in  cities  and  towns  under 
2,500  population. 

No 
Except  in  cities  and  towns  under 
2,500  population. 

New  Jersey - 

Yes 
Or  local  bodies  may  assume  portion 

of  costs. 

Yes 
And   may   acquire   land  outside 
uniform  width  of  highway  to  con- 
form to  comprehensive  plan  of  mu- 
nicipalities. 

Yes 
Or  may  contract  with  municipalities 
lo  do  work  to  conform  to  standards  on 
State  highway  system.    In  cities  over 
75,000  population,  city  retains  rights 
as  to  construction  of  utilities. 

Yes 
But  in  cities  over  75,000  population 
city  retains  rights  as  to  regulation  of 
use  of  utilities. 

Y'es 
By    implication   since   State   may 
initiate  and  finance  improvements  on 
State  highways,  which  are  presumed 
to  extend  through  cities. 

Yes 
By  implication  since  State  may 
acquire  right-of-way  for  State  high- 
ways, which  are  presumed  to  ex- 
tend through  cities. 

Yes 
By    implication   since   State   may 
initiate   projects   on   State   highway 
system  considered  necessary,  if  county 
fails  to  do  so,  and  State  highways  are 
presumed  to  extend  through  munici- 
palities. 

Yes 
By    implication   since    State    may 
maintain  State  highways  if  sufficient 
funds  are  available,  and  State  high- 
ways are  presumed  to  extend  through 
municipalities. 

New  York 

Yes 

With    respect    to    certain    arterial 
routes  through  cities,  established  by 
legislature,   to   width   and   type  ap- 
proved by  State. 

State  pays  all  construction  costs  and 
50  percent  of  right-of-way  costs. 

Yes 
With  respect  to  certain  arterial 
routes  through  cities  (not  including 
New  Y'ork  City). 

Yes 
With    respect    to    certain    arterial 
routes  through  cities,  to  width  and 
type  approved  by  State.    Approval  of 
city  is  necessary  if  land  is  to  be  ac- 
quired.     Individual  projects  are  au- 
thorized by  legislature. 

Yes 

With    respect    to    certain    arterial 
routes  through  cities. 

State  highways  through  (owns  and 
incorporated  villages. 

State    may     acquire    land     but 
changes  of  1  mile  or  over  are  subject 
to  approval  of  governing  body  of 
town  or  village. 

To  width  approved  by  State.   Addi- 
tional width  to  be  financed  by  local 
unit.    * 

Maintenance    and    repair    of    im- 
proved State  highways  in  towns  and 
incorporated  villages  is  under  direct 
supervision  of  State. 

Certain  cities  of  second  and  third 
class  adjacent  to  New  York  City. 

To  be  acquired  by  city  or  county. 

To  width  of  highway  outside  city. 

To     be     maintained    at    expense 
of  municipality. 

North  Carolina 
-                         

Yes 
State  apportions  funds  to  cities  and 
towns  on  basis  of  population,  mileage 
of  State  highways,  and  need,  to  be 
used  primarily  for  streets  forming  part 
of  State  highway  system. 

Yes 

By   implication  since   State  has 
this  authority  for  State  highways, 
which  extend  through  cities. 

Yes 
Or  may  contract  with  city  or  town 
to  do  work,  but  performance  must 
meet  State  specifications. 

Yes 
Or  may  contract  with  city  or  town 
to  do  work,  but  performance  must 
meet  State  specifications. 

■ 
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State  authority  for  urban  highways  other  than  extensions  of  State  primary  system 

State  authority  for  urban  con- 
trolled-access  highways 

Supplementary  comments 

Financing 

Acquisition  of  right-of- 
way  in  name  of  State 

Construction 

Maintenance 

No 

No 

No 

No 

State  Highway  Department 
may  supplement  State  high- 
way system  by  establishing 
new  routes  into  or  in  vicinity 
of  municipalities  and  metro- 
politan areas  with  approval  of 
county    and    city    affected 
thereby. 

A    1945   amendment   pro- 
vides  for  cooperation   with 
Federal  Government  to  ob- 
tain  benefits  of  Federal-aid 
Highway  Act  of  1944. 

Yes 

Part  of  motor-fuel-tax  fund 
is  allocated  to  towns  for  work 
on  local  roads  and  streets. 

State  may  finance  recon- 
struction and  maintenance  of 
secondary  State  highways  in 
cities  and  towns  under  2,500 
population.  Aid  is  on  sliding 
scale  based  on  assessed  valu- 
ation of  cities  or  towns. 

No 

Yes 
State  has  full  control  of 
reconstruction  of  secondary 
State  highways  in  cities  or 
towns  under  2,500  popula- 
tion. 

Yes 
State  maintains  secondary 
State  highways  in  cities  and 
towns  under  2,500  population 
or  if  Federal  funds  involved 
State  may  maintain  in  cities 
over  2,500  population  if  city- 
fails  to  maintain  properly. 

State,  with  approval  of  gov- 
ernor and  council,  may  desig- 
nate and  establish  any  existing 
street   as   included  within  a 
limited-access    facility;    may 
provide  for  elimination  of  in- 
tersections at  grade  with  any 
existing  street  by  grade  separ- 
ation or  service  road  or  by 
closing  off  such  street;  may 
plan,  designate,  establish,  use, 
regulate,  alter,  improve,  main- 
tain, or  discontinue  any  street , 
or  designate  as  local' service 
streets  any  existing  street,  and 
exercise  jurisdiction  over  same 
in    manner   authorized   over 
limited-access  facilities. 

Governor,  with  advice  of 
council,  determines  whether 
there  is  occasion  for  laying 
out  or  altering  State   high- 
ways. 

A  li»f5  act  provides  for  co- 
operation with  Federal  Gov- 
ernment to  obtain  benefits  of 
Federal-aid  Highway  Act  of 
1944. 

Yes 
State  allocates  portion  of 
motor-vehicle  fund  to  muni- 
cipalities for  construction  of 
unimproved  roads,  on  basis 
of  population  and  mileage, 
and  additional  funds  for  spe- 
cial municipal  projects. 

No 

No 
Except  that  work  done  by 
municipalities    with    State 
funds    allocated    for    con- 
struction    of     unimproved 
roads  in  cities  and  for  spe- 
cial projects  must  conform 
to  standards  prescribed  by 
State. 

No 
Except  that  municipalities 
accepting  State  allocations  for 
construction   of  unimproved 
roads  in  cities  must  enter  into 
agreement  with  State  to  keep 
roads  in  repair. 

Freeways     and     parkways 
identified    with    State    high- 
ways. 

State  highway  system  des- 
ignated  by    legislature   but 
commissioner    "f    highways 
may  add  routes. 

Annual  appropriation  bill 
covers    acceptance    of    any 
Federal  funds  available  and 
authorizes  State  to  carry  out 
such  projects  as  may  be  desig- 
nated by  the  Federal  Govern- 
ment. 

No 

No 

No 

NO 

State,  alone  or  in  coopera- 
tion with  City  of  Santa  Fe, 
may   establish   limited-access 
facilities    and    local    service 
roads  on  U  S  Highways  85 
and  64  and  adjacent  or  connect- 
ing streets  in  and  near  Santa 
Fe  subject  to  municipal  con- 
sent within  city  limits.   State 
may  acquire  right-of-way  for 
highways  or  streets  under  its 
jurisdiction;  may  provide  for 
elimination  of  intersections  at 
grade  between  limited-access 
facilities  and  city  streets  and 
may     determine    what    city 
streets  may  open  into  or  con- 
nect with  limited-access  facil- 
ity, subject  to  municipal  con- 
sent in  Santa  Fe.    State  and 
city  of  Santa  Fe  may  enter 
into     agreement      respecting 
financing,     planning,    estab- 
lishment, improvement,  main- 
tenance, use,  administration, 
or  vacation  of  limited-access 
facility. 

State    highway     engineer, 
under  direction  of  StateHigh- 
way  Commission,  selects  and 
designates     State     highway 
system  and  may  change  from 
time  to  time  subject  to  ap- 
proval   of    State    Highway 
Commission. 

According  to  law,  "the  bal- 
ance of  the  moneys  in  the 
State    road    fund    shall    be 
used    as     the    Commission 
shall  determine  for  coopera- 
ing  with  the  U.  S.  Govern- 
ment   or   with    the    several 
counties  or  municipalities  of 
the  State,  or  otherwise,  in  the 
discretion    of  the   Commis- 
sion for  the  construction,  im- 
provement, or  maintenance 
of    public     highways     and 
bridges." 

Yes 
State     allocates     part    of 
motor-vehicle  fund  to  villages 
and  to  New  York  City.    Mo 
cent  from  motor-fuel  tax  allo- 
cated to  New  York  City  with- 
out restrictions  as  to  use. 

No 

Yes 

State  may  construct  high- 
ways in  villages  to  connect 
State  highways  with  exist- 
ing paved  streets  or  high- 
ways, to  width  and  type 
approved   by    State,    upon 
petition  of  board  of  trustees 
of  village. 

Upon  request  of  munic- 
ipality State  may  perform 
any  work  of  construction  or 
reconstruction  in  connection 
with  performance  of  other 
improvements. 

No 

Thruways   identified   with 
State  highways. 

State    may    establish    and 
maintain    arterial    highways 
authorized      by      legislature 
through  cities  as  part  of  State 
highway    system.      In    New 
York   City,   State  may  con- 
struct arterial  highways  sub- 
ject to  city's  approval  of  plans, 
etc.,  to  be  turned  over  to  city 
after  construction.     Changes 
in  basic  plans  involving  aban- 
doning or  relocating  sections, 
adding  entrances  or  exits,  or 
providing  crossings  at  grade 
or  traffic  lights,  other  than  on 
service  roads,  are  subject   to 
approval  of  State  Superintend- 
ent of  Public  Works. 

State  highway  routes  desig- 
nated by  legislature. 

Yes 
Any  balance  of  funds  ap- 
portioned to  cities  and  towns 
for    improvement    of    State 
highways  may  be  used  for 
(first)  important  connecting 
links  to  State  or  county  high- 
way systems  or  farm-to-mar- 
ket roads  and   (second)  for 
such  streets  as  may  be  desig- 
nated by  municipality. 

No 

Not  unless  by  implica- 
tion for  urban  extensions 
of     county     highways, 
since  State  has  this  au- 
thority for  county  high- 
ways. 

Yes 
State  may  construct  im- 
portant connecting  links  to 
State   or   county   highway 
system    or    farm-to-market 
roads,  or  streets  designated 
by   municipality,   if  funds 
are  available,  or  may  contract 
with  municipality  to  do  work, 
which  must  meet  State  spec- 
ifications. 

Yes 
State  may  maintain  impor- 
tant connecting  links  to  State 
or  county  highway  system  or 
farm-to-market   roads,  or 
streets  designated   by  munic- 
ipality, if  funds  are  available 
or  may  contract  with  munic- 
ipality to  do  work,  which  must 
meet  State  specifications. 

State   Highway    Commis- 
sion may  change,  alter,  add 
to,  or  discontinue  roads  in- 
cluded   in    State    highway 
system. 

Provision  is  made  for  co- 
operation with  Federal  Gov- 
ernment to  secure  benefits  of 
Federal-aid  act. 
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Table  3.— Statutory  authority  of  State  highway  departments 


State 


North  Dakota 


Oklahoma. 


State  authority  for  urban  extensions  of  State  primary  highways 


Financing 


Yes 
By  implication  since  State  is  auth- 
to  improve  and  maintain  -my 
part  of  State  highway  system,   which 
extends  through  cities. 


Yes 
State  allocates  part  of  highway  con- 
struction fund  for  urban  extensions  of 
State  highways  according  to  specified 
proportions. 


Yes 

State  has  authority  to  construct  and 
maintain  extensions  of  State  highways 
within  incorporated  limits  of  any  city. 


Acquisition  of  right-of-way  in  name 
of  State 


Yes 
Bv  implication  since  State  may 
acquire   land   for   State   highways, 
which  extend  through  cities. 


Yes 

By  implication  since  State  may 
acquire  right-of-way  for  carrying  out 
provisions  of  highway  law. 


Yes 
By  implication  since  State  may 
acquire   land   for   State   highways, 
which  extend  through  cities. 


Construction 


Yes 
To  normal  width  of  State  highway. 
City  may  request  additional  width 
and  pay  difference. 


Yes 
Subject  to  approval  of  governing 
body  of  municipality,  may  construct, 
reconstruct,  widen,  and  improve;  may 
make  improvements  without  munici- 
pal consent  on  State  highways  which 
are  part  of  Federal-aid  system  if 
municipality  refuses  to  cooperate. 


Yes 
State   has   authority   to   construct 
extensions  of  State  highways  within 
incorporated  limits  of  any  city. 


Maintenance 


Yes 
To  normal  width  of  State  highway. 
City  may  contract  with  State  to  main- 
tain additional  width. 


Yes 
Subject   to  approval  of  governing 
body  of  municipality. 


Yes 

State  highways  in  cities  to  be  main- 
tained in  same  manner  as  other  State 
highways. 


Oregon. 


Pennsylvania 
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Yes 
May  construct  and  maintain  streets 
through  incorporated  cities  where 
such  streets  form  links  in  State  high- 
way system  or  connection  between 
two  such  highways  and  which  streets 
have  been  designated  by  State  as 
streets  over  which  State  highway 
trallic  is  routed. 


Yes 
May  acquire  right-of-way  neces- 
sary   for    State    highways    within 
incorporated  limits  of  city  at  sole 
expense  of  State. 


Yes 
May  construct  streets  forming  links 
in  State  highway  system  in  incorpo- 
rated cities  but  may  not  change  grade 
without  consent  of  governing  body  of 
city. 


Yes 
Has  complete  control  over  streets 
taken  over  from  curb  to  curb  or,  if  no 
established  curb,  over  such  portion 
of  right-of-way  as  may  be  utilized  for 
highway  purposes. 


Yes 

With  respect  to  streets  in  first -class 
cities  taken  over  as  State  highways 
(city  may  pay  part). 


Yes 
State  pays  for  right-of-way,  city 
acts  as  agent.     (City  may  pay  part 
of  cost). 


Yes 
Shall  construct,  reconstruct,  resur- 
face, and  repair. 


Yes 
But  is  under  no  obligation  to  main- 
tain curb  or  footways,  remove  snow, 
or  clean  streets. 


All  State  highways  within  boroughs 
and  incorporated  towns. 


County   acquires  right-of-way   if 
agreeable  to  proposed  improvement ; 

otherwise  State  may  do  so. 


Shall  improve  or  reconstruct  to 
width  and  type  determined  by  State. 
May  change,  alter,  or  establish  width, 
grades,  or  line. 


Shall  maintain  to  width  and  type 
determined  by  State. 


Designated  streets  in  cities  of  sec- 
ond, second  A,  and  third  class  which 
are  part  of  State  system  (city  may  pay 
part). 


County   acquires   right-of-way    if 
agreeable;  otherwise  State  may  do  so. 


Shall  construct,  reconstruct,  resur- 
face to  width  between  curbs.  Changes 
in  width,  lines,  or  grades  subject  to 
approval  of  city. 


To  width  between  curbs.  Main- 
tenance does  not  include  snow  removal 
or  street  cleaning. 


Existing  roads  and  streets  in  cities, 
boroughs,  and  townships  approxi- 
mately parallel  to  State  highways 
which  shall  become  part  of  State  high- 
way system. 


County  acquires  right-of-way  if 
agreeable;  otherwise  State  may  do 


But  in  cities  and  boroughs  approval 
of  council  is  required  for  relocation, 
change  in  line  or  width,  or  for  con- 
structing wholly  or  in  part  on  new 
alinement. 


Maintained  as  State  highways. 


Connecting  roads  (not  over  1  mile,  in 
length)  joining  two  or  more  State  high- 
ways, in  second,  second  A.  and  third- 
class  cities,  boroughs,  incorporated 
towns,  or  townships,  to  lessen  distance 
or  improve  alinement. 


County   acquires  right-of-way   if 
agreeable;  otherwise  State  may  do  so. 


May  take  over  or  build. 


Maintained  as  State  highways. 


May  establish,  construct,  and  main- 
tain as  State  highways  roads  or  streets 
parallel  to  existing  State  highways  in 
townships,  boroughs,  incorporated 
towns,  or  cities. 


County  acquires  right-of-way  if 
agreeable;  otherwise  State  may  do  so. 


May  establish  and  construct. 


May  maintain. 


May  pay  all  or  part  of  cost  of  improv- 
ing streets  and  highways  in  cities  of  sec- 
ond, second  A,  and  third  class  which 
are  not  State  highways  but  continua- 
tions thereof  (under  agreement  with 
city). 


Presumably  either  State  or  city 
may  acquire,  depending  on  terms  of 
agreement. 


Under  agreement  with  local  unit, 
may  construct  or  reconstruct  to  exist- 
ing or  lesser  width;  city  may  pay  for 
greater  width  if  desired. 


May  maintain  under  agreement  with 
local  unit. 
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Stair  authority  for  urban  highways  other  than  extensions  of  State  primary  system 


Financing 


Acquisition  of  right-of- 

way  in  name  of  State 


Construction 


Maintenance 


State  authority  for  urban  con- 
trolled-access  highways 


Supplementary  comments 


Yes 
State  aid  for  counties  (1 
cent  of  motor-fuel  tax)  is  to  be 
used  for  "city  streets  leading 
up  to  and  connecting  with 
Federal-aid  and  State  high- 
ways." Cities  may  also  re- 
quest State  assistance  in  im- 
proving city  streets  by  forma- 
tion of  improvement  districts. 


No 


Yes 
State  allocates  funds  from 
highway  construction  fund  to 
municipalities  for  construc- 
tion and  maintenance  of  city 
streets,  street  cleaning,  and 
traffic  lights. 


No 


No 
Except  that  improvement 
districts  may  request  State 
assistance  in  improving  city 
streets. 


No 


State  Highway  Depart- 
ment has  full  power  and  au- 
thority to  designate,  locate, 
and  create  new  and  addi- 
tional routes  of  State  high- 
way system. 

Provision  is  made  for  co- 
operation with  Federal  Gov- 
ernment in  order  to  obtain 
benefits  of  Federal-aid  High- 
way Act  of  191(1  or  any  future 
acts. 


No 


No 


State  Director  of  Highways 
has  similar  powers  with  re- 
spect to  establishment  and 
maintenance  of  limited-ac- 
cess highways  and  freeways 
as  he  possesses  relative  to 
othii  highways. 


State  Highway  Depart- 
ment has  authority  to  desig- 
nate additional  State  high- 
ways or  change  existing  State 
highways  after  public  hear- 
ing. 

Provision  is  made  for  coop- 
eration with  Federal  Govern- 
ment to  secure  benefits  of 
Federal-aid  Acts  of  1916  and 
1935  and  acts  amendatory 
thereto. 


Yes 

State  allocates  portion  of 
motor-vehicle  fund  to  coun- 
ties for  allocation  to  cities  and 
incorporated  towns,  for  con- 
struction, maintenance,  re- 
pair, and  improvement  of 
streets  and  alleys. 

State  also  allocates  5  per- 
cent of  motor-fuel-tax  fund  to 
incorporated  cities  and  towns 
for  construction  and  mainte- 
nance of  streets  and  alleys 
(on  basis  of  population). 


No 


No 


No 


Governing  body  of  city  over 
5,000  population  authorized 
to  enter  into  agreement  with 
State  respecting  financing, 
planning,  establishment,  im- 
provement, maintenance,  or 
vacation  of  limited-access 
facilities. 


State  highway  system  desig- 
nate! by  State  Highway 
Commission. 


Yes 

If  Federal  funds  are  avail- 
able. 

State  is  authorized  to  con- 
struct, maintain,  etc.,  strivi- 
forming  links  in  secondary 
State  highway  system. 

State  may  enter  into  agree- 
ment with  cities  for  construc- 
tion and  maintenance  of 
streets  on  terms  mutually 
agreed  upon.  State  also 
allocates  funds  to  cities  for 
construction  and  mainte- 
nance of  city  streets  which 
have  not  been  designated  as 
connecting  links  of  State  high- 
way system  (cities  under 
1,000  population  must  submit 
plans  to  State).  Allocation 
is  made  on  basis  of  popula- 
tion. $250,000  of  this  fund  to 
be  administered  by  State  for 
improvement  of  streets  not 
on  State  highway  system 
which  are  receiving  excessive 
wear. 


Yes 
State  may  acquire 
land  for  extensions  of 
secondary  State  high- 
ways within  corporate 
limits  of  cities  and  towns 
also  for  improvement 
districts. 


Yes 

If  Federal  funds  are  avail- 
able. 

State  may  also  construct 
streets  on  urban  extensions 
of  secondary  State  highway 
system,  or. streets  receiving 
excessive  wear  through  sud- 
den increases  in  population 
or  heavy-industry  traffic. 


Yes 

If  Federal  funds  are  avail- 
able. 

State  may  maintain  urban 
extensions  of  State  secondary 
highway  system. 

State  may  enter  into  agree- 
ment with  cities  for  mainte- 
nance of  streets. 


State's  authority  to  con- 
struct throughways  includes 
State  highways  within  cor- 
porate limits  of  cities  and 
towns  and  with  approval  of 
municipal  authorities  may 
extend  to  and  include  city 
streets. 

Access  points  to  through- 
ways  to  be  designated  by 
municipal  authorities,  but 
upon  failure  of  such  authori- 
ties to  so  do,  within  a  given 
length  of  time,  State  may 
designate  such  points.  Au- 
thority of  State  to  provide 
service  roads  subject  to  mu- 
nicipal consent. 

State  may  enter  into  coop- 
erative agreement  with  city 
for  location,  adoption,  con- 
struction, and  maintenance  of 
throughway,  both  with  re- 
spect to  State  highways  and 
to  streets  under  jurisdiction 
of  incorporated  cities  and 
towns. 


State  Highway  Commis- 
sion authorized  to  select 
and  designate  streets  over 
which  State  highways  shall 
be  routed,  and  may  alter  or 
change  such  routes  when 
deemed  advisable.  "State 
highways"  include  secondary 
routes. 

Provision  is  made  for 
cooperation  with  Federal 
Government  to  obtain  bene- 
fits of  Federal-aid  Highway 
Act  of  1916  and  other  acts 
"heretofore  or  hereafter  en- 
acted." 


No 
Except  if  Federal  funds  are 
involved.  State  also  allocates 
portion  of  motor-license 
fund  to  cities  of  first  class, 
second  class,  second  class  A, 
and  third  class,  boroughs, 
and  incorporated  towns  and 
townships  of  the  first  class, 
according  to  designated  pro- 
portions. State  also  allocates 
part  of  liquid-fuels-tax  fund 
to  counties  for  county  aid  for 
city  streets  according  to  des- 
ignated proportions. 


No 


No 
Except  if  Federal  funds 
are  involved  in  which  case 
State  may  relocate,  widen, 
or  construct  as  for  State 
highways. 


No 
Except  presumably  if  Fed- 
eral funds  are  involved. 


Secretary  of  Highways,  with 
approval  of  governor,  may  de- 
clare any  existing  or  hereafter 
established  State  highway  to 
be  a  limited-access  facility. 
Designation  of  such  a  highway 
in  a  city  is  subject  to  approval 
of  city. 

Secretary  of  Highways  may 
lay  out  and  construct  local 
service  roads  subject  to  ap- 
proval of  local  authorities; 
may  enter  into  agreements  for 
sharing  of  cost  of  property 
damages  with  officials  of  any- 
public  subdivision  of  the 
Commonwealth.  Political 
subdivisions  of  Common- 
wealth may  make  contribu- 
tion to  department  of  high- 
ways toward  cost  o(  estab- 
lishment or  improvement  of 
limited-access  highway  or  lo- 
cal service  highway  by  the 
department  of  highways  or 
tovs  ardcost  of  maintenance  by 
department  of  highways. 


Secretary  of  Highways,  with 
approval  of  governor,  may 
designate  future  location  and 
v  eli  h  of  any  proposed  State 
highway. 

Provision  is  made  for  coop- 
eration with  Federal  Govern- 
ment to  obtain  benefits  of 
Federal-aid  Act  of  1916  and 
its  supplements  and  amend- 
ments, or  any  other  act  of 
Congress  providing  Federal 
aid  lor  any  highway  purposes. 
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Table  3. — Statutory  authority  of  State  highway  departments 


State 

State  authority  for  urban  extensions  of  State  primary  highways 

Financing 

Acquisition  of  right-of-way  in  name 
of  State 

Construction 

Maintenance 

RHODE  Island 

Yes 
May    construct,    reconstruct,    im- 
prove, and  maintain  as  part  of  State 
highway  system  any  street,  road,  ave- 
nue, or  right-of-way  in  city  which  is 
evt.nsion    or   connection   of  existing 
road  into  or  through  said  city, 
subjeel  t"  approval  of  city. 

Yes 
May  condemn  or  purchase  prop- 
erty   for   city   extensions   of   State 
highways. 

Yes 
May  construct,  reconstruct,  or  im- 
prove extension  or  connection  of  exist- 
ing State  road  into  or  through  city, 
subject  to  approval  of  city. 

Yes 
State    jurisdiction     extends     from 
curb  to  curb.     State  may  relinquish 
maintenance  to  city. 

South  Carolina 

Yes 
But  in  cities  over  2,500  population 
State  may  not  spend  over  $500,000  per 
year,    including   funds   for   matching 
Federal  aid  for  this  purpose,  nor  any 
funds  for  this  purpose  until  Federal 
aid  for  secondary  and  farm-to-market 
roads  has  been  matched. 

Y'ES 

State  may  condemn  land  neces- 
sary    for    right-of-way     for     State 
highways  in  towns  or  municipali- 
ties. 

Yes 
But   approval   of   local    governing 
body  is  necessary  in  municipalities 
over    2,500    population.      Construc- 
tion includes  necessary  provision  for 
operation   and    parking   of   vehicles, 
sidewalks,  gutters,  storm  drains,  etc. 

Yes 
Including  sidewalks,  gutters,  storm 
drains,  etc. 

South  Dakota 

Yes 
By  implication,  since  highway  fund 
is  apportioned  tocounties  for  expend- 
iture on   State  highways,  which   in- 
clude urban  extensions. 

Yes 
By   implication   since    State   ac- 
quires and  pays  for  land  necessary 
for  widening,  changing,  relocating, 
constructing,  reconstructing,  main- 
taining, or  reopening   any  portion 
of    State    highway  system,  which 
extends  through  municipalities. 

Yes 
By  implication  since  highway  fund 
is  apportioned    to   counties    for    im- 
provement   of    State    highways    (by 
State),  which  extend  through  munic- 
ipalities. 

No 
Except  in  cities  under  2,500  popula- 
tion. 

Tennessee 

Yes 
State  Highway  Department  to  con- 
struct, maintain,  or  contribute  to  con- 
struction or  maintenance  of  all  streets 
or  roads  in  municipalities  over  which 
traffic  from  State  highways  is  routed. 

Yes 
State  may  enter  into  contract  with 
municipalities  relative  to  acquisi- 
tion of  right-of-way  for  streets  in 
municipalities    over    which    traffic 
from  State  highways  is  routed. 

Yes 
To  width  and  type  State  may  deem 
proper,  but  such  width  shall  not  be 
less  than  18  feet. 

Yes 
But  city  may  maintain  if  equipped 
to  do  so  and  State  will  reimburse. 

Texas 

Yes 
May    enter   into   agreement   with 
governing     bodies     of     incorporated 
cities,  towns,  and  villages  providing 
for  location,  relocation,  construction, 
control,  supervision,  and  regulation 
of  designated  State  highways  within 
or  through  corporate  limits  of  munic- 
ipalities,   and    determine    respective 
liabilities. 

Yes 
By  implication  since  State  may 
acquire  land   for   State   highways, 
which  extend  through  municipali- 
ties. 

Yes 
Under  agreement  with  municipali- 
ties. 

Yes 
Under  agreement  with  municipali- 
ties. 

Utah 

Yes 
All  roads  or  streets  designated  as 
State  roads  by  legislative  action,  to  be 
constructed  and  maintained  by  State 
with  funds  made  available  for  that 
purpose.    State  to  make  agreements 
with  any  city  or  town  for  rights-of-way, 
for  improvement  or  maintenance  of 
State  roads  at  expense  of  State,  city, 
or  town,  or  joint  expense. 

Yes 
State  to  make  agreements  with  any 
city  or  town    for   rights-of-way  for 
State  roads  at  expense  of  State,  city, 
or  town,  or  joint  expense. 

Yes 
All  roads  or  streets  designated  as 
State  roads  by  legislative  action  to  be 
constructed  by  State.    State  to  make 
agreements  with  any  city  or  town  for 
construction  of  State  roads.    Where 
public  highways  extend  through  in- 
corporated cities  or  towns  they  must 
conform  to  direction  and  grade  and  be 
subject  to  regulations  of  other  streets 
in  such  cities  or  towns. 

* 

Yes 
All  roads  or  streets  designated  as 
State  roads  by  legislative  action  to  be 
maintained  by  State.    State  to  make 
agreements  with  any  city  or  town  for 
maintenance  of  State  roads. 

Vermont .. 

No 
Except  where  population  is  under 
1,500  or  houses  are  100  feet  or  more 
apart.     State  also  makes  annual  ap- 
propriation to  towns  for  improvement 
of  State-aid  highways. 

No 
Unless    by    implication,    where 
population  is  under  1,500  or  houses 
are  100  feet  or  more  apart,  since 
State  has  this  authority  for  State 
highways,   which   extend   through 
towns  in  this  category. 

No 
Except  where  population  is  under 
1,500  or  houses  are  100  feet  or  more 
apart;  also  State  may  supervise  expend- 
iture of  State-aid  funds  for  "State-aid 
connecting  links." 

No 
Except  where  population  is  under 
1,500  or  houses  are  100  feet  or  more 
apart;  also  State  may  supervise  main- 
tenance of  "State-aid  connecting  links" 
with  State-aid  funds. 
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Table  3. — Statutory  authority  of  State  highway  departments 


State  authority  for  urban  extensions  of  State  primary  highways 

Financing 

Acquisition  of  right-of-way  in  name 
of  State 

Construction 

Maintenance 

Virginia  

y  es 

State  may  pay  50  percent  of  cosl  of 
construction    and    improvement,    in- 
cluding right-of-way  fur  bypasses,  ex- 
tensions, or  connections  of  State  high- 
ways in  cities  over  :*/'<»)  population, 
and  Kill  percent  for  extensions  of  State 
highways  in  incorporated  towns  and 
cities  under  3,500  population. 

State  also  allocates  additional  funds 
to  cities  and  towns  oyer  3,500  popula- 
tion  for  maintenance  and   improve- 
ment  including  construction  and  re- 
construction   of   streets,    roads,    and 
bridges,  on  mileage  basis. 

Yes 
In  connection  with  bypasses,  ex- 
tensions, or  connections  of  primary 
highway  system  through  or  around 
cities  or  incorporated  towns. 

Yes 

In  connection  with  bypasses,  exten- 
sions, or  connections  of  State  highway 
system  through  or  around  cities  and 
incorporated  towns. 

Plans  and  specifications  for  construc- 
tion with  additional  funds  allocated 
on  mileage  basis  are  subject  to  approval 
of  state  in  cities  and  towns. 

Yes 

In  connection  with  all  State  high- 
ways in  incorporated  cities  and  towns 
under  3,500  population.    Cities  over 
3,500  population  maintain  bypasses, 
connections,    or    extensions    of  State 
highway  system  hut  State  contributes 
such  sums  as  may  be  provided  by  law. 

Yes 

May  spend  any  State  funds  avail- 
able on  city  streets  in  incorporated 
cities  and  towns  forming  part  of  State 
highway  system. 

State  allocates  port  ion  of  motor-vehi- 
cle fund  to  cities  and  towns  on  basis  ol 
population   for  improvement   of  pri- 
mary and  secondary  State  highways. 

Yes 
On   city   streets   in   incorporated 

cities   ami    towns   forming    part   of 
State  highway  system  (Slate  "shall" 
acquire   right-of-way   for   improve- 
ment of  urban  extensions  of  primary 
State  highways  in  incorporated  cities 
and  towns  under  1,500  population). 

Yes 
On  city  streets  in  incorporated  cities 
and  towns  forming  part  of  State  high- 
way system  (State  "shall"  construct. 
extensions  of  State  primary  highways 
in  incorporated  cities  and  towns  under 
1,500  population). 

Yes 

On  city  streets  in  incorporated  cities 
and  towns  forming  part  of  State  high- 
way system  (State  "shall"  maintain 
extensions  of  State  highways  in  incor- 
porated cities  and  towns  under  1,500 
population). 

City  may  authorize  State  to  main- 
tain city  streets  with  funds  from  State 
appropriation  if  city  is  unable  to  do  so. 

West  Virginia 

Yes 
But  assumes  no  greater  obligation 
for  connecting  parts  of  State  road  sys- 
tem than  it  is  required  to  assume  out- 
side municipalities. 

Yes 
By  implication  since  State  has  this 
authority  for  all  State  roads,  which 
extend  through  municipalities. 

Yes 

But  shall  assume  no  greater  obliga- 
tion for  connecting  parts  of  State  road 
system  than  it  is  required  to  assume 
outside  of  municipalities. 

Yes 
But  shall  assume  no  greater  obliga- 
tion for  connecting  parts  of  State  road 
system  than  it  is  required  to  assume 
outside  of  municipalities. 

Yks 
On    State    highway    extensions    in 
cities  under  2, odd  population  and  on 
connecting  streets  in  cities  over  2,500 
population    (subject    to   approval   of 
counties  if  county  allotment  is  used). 
Cities  and  villages  receive  allocation 
on  mileage  basis  for  maintenance  and 
construction  of  streets  connecting  bul 
not  part  of  State  highway  system. 

No. 
Necessary  land  to  be  acquired  by 
board,  commission,  or  department 
selected  by  city  subject  to  approval 
Of  State.     State  is  grantee. 

Yes 
iin  state  highways  in  cities  under 
2,50(1  population  and  on  connecting 
streets  in  cities  over  2,500  population, 
subject,  to  approval  of  counties  if  funds 
from  county  allotment  are  used.    State 
shall  construct  in  same  manner  as  por- 
tions  of  State  trunk  highway  system 
(compulsory  only  to  same  width). 

No 
Except  on  State  highways  in  cities 
under  2,500  population. 

Yes 
On  streets  constituting  direct  con- 
nections of  State  highways  in  cities 
under  1,500  population,  State  pays  en- 
tire cost,  of  construction  and  mainte- 
nance.   In  cities  over  1,500  population, 
city  pays  half  of  construction  cost  and 
all  of  maintenance  cost. 

Yes 

By  implication  since  State  has  this 
authority  for  state  highways. 

e 

Yes 
All  work  to  be  performed  under  di- 
rect supervision  and  control  of  State. 
State  may  cooperate  with  incorporated 
cities,  towns,  and  villages  in  construc- 
tion of  public  streets  and  highways 
which   constitute   direct   connections 
between  sections  of  established  State 
highways. 

No 
Except  in  cities  under  1,500  popula- 
tion. 
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in  municipalities,  and 

related  provisions, 

1948— Continued 

State  authority  for  urban  highways  other  than  extensions  of  State  primary  system 

State  authority  for  urban  eon- 
trolled-aceess  highways 

Supplementary  comment  s 

Financing 

Acquisition  of  right-of- 
way  in  name  of  State 

Construction 

Maintenance 

Yes 
State  may  finance  connect- 
ing links  of  secondary  system 
in  incorporated  towns  under 
3,500  population. 

Yes 
State     may     acquire 
land  for  connecting  links 
of  secondary  system  in 
incorporated  cities  and 
towns  under  3,500  popu- 
lation. 

Yes 
State  may  construct  con- 
necting links  of  secondary 
system  in  incorporated  cities 
and  towns  under  3,500  popu- 
lation. 

Yes 
State   may    maintain    con- 
necting   links    of    secondary 
system  in  incorporated  cities 
and  towns  under  3,500  popula- 
tion. 

State's  authority  regarding 
limited-access  highways  same 
as  for  other  highways. 

Designation  of  State  high- 
ways is  by  legislative  enact- 
ment, but  State  may  transfer 
total    of    50    miles    of    State 
secondary  roads  to  primary 
system  per  year. 

State  Highway  Commission 
authorized   to   comply    with 
provisions  of  present  or  fut  lire 
Federal-aid  acts. 

Yes 

State    may    expend     any 
funds  available  on  secondary 
State  highways   in   incorpo- 
rated cities  and  towns. 

State  also  apportions  part 
of  motor-vehicle  fund  for  im- 
provement of  city  streets  (on 
basis  of  population). 

Yes 
State  may  acquire  land 
for  secondary  State  high- 
ways   in    incorporated 
cities  and  towns  (State 
"shall"  acquire  land  for 
improvement   of  urhan 
extensions  of  secondary 
State  highways  if  popu- 
lation is  under  1,500). 

Yes 

State  may  construct   sec- 
ondary  State  highways  in 
incorporated  cities  and  towns 
(State     "shall"     construct 
urban   extensions   of   State 
secondary  highways  if  popu- 
lation is  under  1,500). 

City  may  authorize  State 
to  construct  city  streets  with 
funds  from  State  appropria- 
tions if  city  is  unable  to  do 
so. 

Yes 

State    may    maintain    sec- 
ondary   State    highways    in 
incorporated  cities  and  towns 
(State  "shall"  maintain  urban 
extensions  of  State  secondary 
highways     if    population     is 
under  1,500). 

City  may  authorize  State  to 
maintain    city    streets    with 
funds   from    State   appropria- 
tion if  city  is  not  equipped  to 
do  so. 

State's  authority  regarding 
limited-access  highway  facili- 
ties  same  as  for  other   high- 
ways.   Within     incorporated 
cities  State  authority  is  sub- 
ject to  consent  of  local  author- 
ities. 

State  highway  routes  are 
designated  by  legislature  but 
State   Division  of  Highways 
designates  routes  through  in- 
corporated cities  and  towns. 

Secondary  State  highways 
are    defined    as   branches   of 
primary  State  highways. 

Yes 
State  may  finance  connect- 
ing parts  of  secondary  State 
highways  to  extent  required 
outside  municipalities. 

Yes 
State     may     acquire 
land     for      connecting 
parts  of  secondary  State 
highways  to  extent  re- 
quired outside  munici- 
palities. 

Yes 
State  may  construct  con- 
necting parts  of  secondary 
State  highways  to  extent  re- 
quired   outside   municipal- 
ities. 

Yes 
State  may  maintain  connect- 
ing parts  of  secondary  State 
highways  to  extent  required 
outside  municipalities. 

State's  authority  regarding 
freeways  is  same  as  that  for 
other    highways.    Access    to 
any  freeway   from   any  new 
street  shall  be  established  by 
and    with    consent    of    State 
Road  Commission. 

State  highway  system  des- 
ignated by  State  Road  Com- 
mission.   State   has   control 
over  all  primary  and  second- 
ary State  highways  (Second- 
ary  State   system   is   former 
county  district  system). 

Provision  is  made  for  coop- 
eration with  Federal  Govern- 
ment  to   secure   benefits  of 
Federal-aid  Act,  of  1921  and 
all  subsequent  acts. 

Yes 

If  Federal  funds  are  avail- 
able. 

State  also  allocates  portion 
of    State    highway    fund    to 
towns,  villages,  and  cities,  on 
mileage  and  population  basis, 
for  improvement  of  roads  and 
streets  not.  on  State  or  county 
systems.    County  appropria- 
tion may  be  used  by  Milwau- 
kee County  for  improvement 
of  city  streets. 

\n 

Yes 
If  Federal  funds  are  avail- 
able. 

No 
Maintenance  of  other  than 
State  highways  is  responsibil- 
ity Of  counties,  cities,  etc. 

State  Highway  Commission 
may    revise    State    highway 
routes  designated  by  legisla- 
ture but  revisions  over  one- 
half  mile  must  be  approved 
by  county. 

State  trunk  highways  ex- 
tend   through    cities    under 
2,500    population.     (Called 
connecting   streets   in   larger 
cities). 

Provision  is  made  for  coop- 
eration with  Federal  Govern- 
ment   to   secure   benefits  of 
Federal-aid  acts. 

Yes 

If  Federal  funds  involved. 

State     allocates     part     of 
motor-fuel-tax  fund  to  cities 
and  towns  for  construction 
and  maintenance  of  streets  if 
population  is  over  1,500.   Ap- 
portioned on  basis  of  popula- 
tion. 

No 

Yes 
If  Federal  funds  involved.. 

No 

State  Highway  Commission 
authorized  to  designate  State 
highways. 

Provision  is  made  for  coop- 
eration with  Federal  Govern- 
ment  to   secure    benefits   of 
Federal-aid  Act  of  1910  and 
all  acts  amendatory  and  sup- 
plementary thereto. 
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mtinued  from  page  t6S) 

In  only  five  States  -■-'  is  the  State  highway 
tem  designated  by  the  legislature  with  no 
islon  Under  which  the  State  highway 
artment  may  add  additional  routes  or  alter 
those  designated  by  the  legislature,  which 
apparently  reserves  this  authority  to  itself. 
In  the  remaining  States  (with  the  exception  of 
New  Hampshire  -3)  the  State  highway  depart- 
ment either  has  authority  to  designate  the 
system  itself  or  may  add  individual  routes  or 
relocate  those  previously  designated. 

In  13  States,  whether  the  original  system 
was  designated  by  the  legislature  or  by  the 
State  highway  department,  some  authority 
is  given  to  the  department  relative  to  selection 
or  revision  of  urban  extensions  of  the  State 
primary  system.-4  For  example,  the  Arizona 
State  Highway  Department  and  the  governing 
bodies  of  cities  may  select  routes  of  State  high- 
ways through  cities.  Likewise,  the  Georgia 
State  Highway  Department  can  designate 
State  highways,  including  streets,  "with  proper 
notice  to  the  governing  body."  The  Indiana 
State  Highway  Commission  has  the  authority 
to  select  routes  of  State  highways  through 
incorporated  cities  and  may  alter  such  routes 
for  the  convenience  of  traffic. 

Comparable  authority  also  exists  in  Louisi- 
ana, for  the  Department  of  Highways  in  that- 
State  may  add  routes  to  the  State  highway- 
system  and  may  include  streets  in  cities  forming 
continuations  of  or  connections  with  State 
highways.  The  Nevada  Department  of  High- 
ways may  establish  new  routes  into  or  in  the 
vicinity  of  municipalities  and  metropolitan 
areas  subject  to  the  approval  of  the  local  units 
involved. 

The  Director  of  Highways  in  Washington 
designates  routes  through  incorporated  cities, 
while  the  Illinois  Department  of  Public  Works 
and  Buildings  may  relocate  urban  extensions 
to  better  serve  traffic  demands. 

CONTROLLED-ACCESS  HIGHWAYS 

The  last  decade  has  witnessed  the  develop- 
ment of  the  controlled-access  highway,  par- 
ticularly in  the  urban  areas.  Because  many 
of  these  modern  road  facilities  are  being  estab- 
lished by  the  State,  it  is  important  to  know 
what  legislative  authorization  exists  with  re- 
spect to  such  State  expressways  in  munici- 
palities. 

Controlled-access  highways  are  now  sanc- 
tioned by  legislative  act  in  26  States,25  by 
constitutional  provision  in  one  State,  Missouri, 
and  by  judicial  decision  in  an  additional  State, 
Minnesota. 


"California,  Nebraska,  New  York,  Rhode  Island,  and 
Utah. 

33  The  Governor  of  Xew  Hampshire,  with  advice  of  council, 
determines  whether  there  is  occasion  for  laying  out  or  altering 
State  highways. 

Arizona,  Florida,  Georgia,  Idaho,  Illinois,  Indiana, 
Kansas,  Kentucky,  Louisiana,  Nevada,  Oregon,  South 
Dakota,  and  Washington. 

21  California,  Colorado,  Connecticut,  Florida,  Illinois,  In- 
diana, Kentucky,  Louisiana,  Maine,  Maryland,  Massachu- 
setts, Michigan,  New  Hampshire,  New  Jersey,  New  Mexico, 
New  York,  Ohio,  Oklahoma,  Oregon,  Pennsylvania,  Rhode 
Island,  Texas,  Utah,  Virginia,  Washington,  and  West  Vir- 
ginia. 


In  18  of  these  States,28  the  statute  specifi- 
cally identifies  controlled-access  highways  with 
State  highways.  Accordingly,  it  is  presumed 
that  generally  speaking,  the  same  authority, 
or  qualifications  on  authority,  of  State  high- 
way departments  in  urban  areas  apply  to 
controlled-access  highways  as  concern  all 
State  highways,  unless  the  contrary  is  specifi- 
cally stated.  This  may  also  be  true  of  the 
remaining  States  that  have  sanctioned  the 
controlled-access  highway,  but  that  fact  is  not 
specifically  spelled  out  in  their  statutes. 

Legislation  frequently  authorizes  agree- 
ments between  the  State  highway  department 
and  municipalities  concerning  the  establish- 
ment of  urban  expressways  and  the  consent 
of  the  city  is  often  required.  The  laws  of  16 
States 27  now  contain  varying  provisions  of 
this  character. 

The  Florida  statute  is  typical.  It  provides 
that  State  highway  authorities  may  establish 
controlled-access  facilities  and  local  service 
roads  wherever  they  are  of  the  opinion  that 
traffic  conditions  warrant,  subject  to  municipal 
consent  within  incorporated  cities  and  towns; 
and  are  authorized  to  enter  into  agreement 
with  cities,  towns,  or  villages  respecting  the 
financing,  planning,  establishment,  improve- 
ment, maintenance,  use,  regulation,  or  vaca- 
tion of  such  facilities. 

A  variation  of  this  provision  is  found  in  a 
fewr  States,  of  which  Colorado  is  illustrative. 
Under  the  Colorado  law,  the  State  highway 
engineer,  with  approval  of  the  Governor,  is 
authorized  to  enter  into  agreements  with  cities 
or  towns  having  jurisdiction  over  city  or  town 
streets,  concerning  the  closing  of  any  city 
street  at  or  near  the  point  of  intersection  with 
the  freeway;  or  to  make  provision  for  carrying 
such  city  street  over  or  under  or  to  a  connec- 
tion with  the  freeway;  and  to  do  any  and  all 
work  on  such  city  street  as  is  necessary 
therefor. 

Comparable  provisions  in  other  jurisdic- 
tions may  be  found  in  table  3,  pages   166-81. 

A  rather  unique  provision  relating  to  ex- 
pressways through  urban  areas  is  to  be  found 
in  the  State  of  New  York.  In  connection  with 
the  arterial  highway  program,  the  State  is 
authorized  by  law  to  establish  and  maintain 
arterial  highways  through  cities  as  part  cf  the 
State  highway  system.  Certain  qualifications 
on  the  State's  authority  in  New  York  City  are 
found  in  table  3. 

In  some  States,  legislative  authority  with 
respect  to  controlled-access  highways  is  lim- 
ited to  designated  cities  or  urban  areas*,  of  a 
stipulated  population.  In  New  Mexico,  for 
example,  only  the  city  of  Santa  Fe  is  author- 
ized to  participate  in  the  expressway  program 
with  the  State,  and  then  only  on  two  specified 
routes  and  adjacent  or  connecting  streets. 
In  Oklahoma,  cities  over  5,000  population  are 
authorized  to  act,  more  or  less  independently, 
though  cooperation  with  the  State  Department 

25  California,  Colorado,  Connecticut,  Florida,  Illinois, 
Louisiana,  Maine,  Maryland,  Massachusetts,  New  Jersey, 
New  York,  Ohio,  Oregon,  Pennsylvania,  Rhode  Island, 
Virginia,  Washington,  and  West  Virginia. 

21  California,  Colorado,  Florida,  Illinois,  Indiana,  Ken- 
tucky, Louisiana,  Michigan,  New  Mexico,  New  York,  Okla- 
homa, Oregon,  Pennsylvania,  Texas,  Utah,  and  Washington. 


of  Highways  is  permitted.  Authority  in  Texas 
rests  only  with  cities  and  towns  over  175,000 
population. 

OTHER  URBAN  HIGHWAYS 

The  legislative  authority  of  the  State  high- 
way departments  is  decidedly  limited  with 
respect  to  urban  highways  other  than  exten- 
sions of  the  State  primary  system. 

Federal-aid  Highways 

Sometimes,  State  law  specifically  authorizes 
the  State  highway  department  to  cooperate 
with  municipalities  in  the  expenditure  of 
Federal  funds.  In  California,  for  example, 
the  Division  of  Highways  may  execute  agree- 
ments with  any  city  providing  for  the  acqui- 
sition of  property  for,  construction,  improve- 
ment, and  maintenance  of  any  highway,  in- 
cluding those  not  in  the  State  highway  system, 
to  be  constructed  with  Federal-aid  funds. 
More  general  legislative  language  in  Georgia 
permits  the  State  Highway  Department  to 
cooperate  with  the  Federal  Government  in 
planning,  supervising,  locating,  improving,  and 
constructing  roads  and  streets  in  any  part, 
section,  or  area  of  the  State.  Similar  provi- 
sions are  found  in  the  statutes  of  11  other 
States.28 

Connecting  or  Feeder  Streets 

Somewhat  restrictive  are  the  laws  in  five 
States,  involving  the  improvement  of  streets 
connecting  or  providing  access  to  urban  exten- 
sions of  the  State  system.  Illustrative  of  this 
type  of  legislation  is  the  enactment  in  Ken- 
tucky authorizing  the  Commissioner  of  High- 
ways to  designate  such  city  streets  or  portions 
thereof  as  in  his  discretion  are  feeder  streets 
necessary  to  produce  an  adequate  system  of 
highways,  and  the  State  Department  of  High- 
ways is  empowered  to  construct  and  recon- 
struct, repair,  and  maintain  such  city  streets, 
and  make  appropriations  out  of  its  funds  for 
such  purposes. 

A  similar  law  in  South  Carolina  permits  the 
State  Highway  Department  to  establish  such 
belt  lines  or  spurs  of  less  than  2  miles  in  length 
as  it  deems  proper,  and  to  construct  and 
maintain  such  facilities.  The  Department  of 
Public  Works  in  New  York  may  construct 
roads  or  streets  in  villages,  to  connect  State 
highways  with  existing  paved  streets.  A 
Louisiana  statute  authorizes  the  Department 
of  Highways  to  construct  spur  or  stub  connec- 
tions from  State  highways  to  the  official 
business  district,  where  none  exist.  North 
Carolina  may  construct  and  maintain  impor- 
tant connecting  links  to  State  or  county  high- 
way systems. 

Roads  to  State  Institutions 

Four  jurisdictions  are  permitted  to  establish 
highway  facilities  in  connection  with  State 
institutions.  Alabama  law,  for  instance, 
authorizes  the  State  to  improve  and  maintain 
streets  abutting  State  educational  or  chari- 
table institutions.     Even  broader  is  a  Dela- 

28  Idaho,  Indiana,  Iowa,  Kansas,  Massachusetts,  Missouri 
Nebraska,  Oregon,  Pennsylvania,  Texas,  and  Wisconsin. 
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ware  enactment  involving  roads  leading  from 
any  public  road  to  any  institution  owned  or 
controlled  in  whole  or  in  part  by  the  State. 
Under  Montana  law,  the  State  Highway 
Commission  may  assist  municipalities  in  the 
construction  of  roads  to  and  from  municipal 
airports. 

Some  State  authority  is  restricted  to  desig- 
nated improvements,  e.  g.,  a  road  to  serve  the 
State  College  of  Washington. 

Secondary  or  State-aid  Roads 

The  State  highway  departments  in  seven 
States 29  have  some  legislative  authority  to 
finance,  acquire  lands  for,  construct,  and 
maintain  urban  extensions  of  secondary  State 
highways  or  State-aid  roads.  Virginia,  how- 
ever, is  empowered  to  act  only  in  incorporated 
cities  and  towns  under  3,500  population,  while 
in  West  Virginia,  authority  with  respect  to  the 
extent  of  improvement  within  municipalities 
is  limited  to  that  required  outside  such 
municipalities.  Statutory  provisions  for  all 
of  these  States  are  included  in  table  3. 

ALLOCATION  OF  HIGHWAY  FUNDS  TO 
URBAN  AREAS 

More  than  half  of  the  States  allocate  some 
portion  of  the  revenues  derived  from  highway- 
user  imposts  to  urban  areas,  often  with  express 
provision  for  the  improvement  of  urban  high- 
ways other  than  extensions  of  State  highways. 

Broad  authority  is  granted  by  law  to  the 
North  Carolina  State  Highway  and  Public 
Works  Commission,  permitting  the  balance  of 
State  funds  allocated  to  cities,  after  satis- 
factory improvement  of  local  extensions  of 
the  State  highway  system,  to  be  used  for  the 
betterment  of  streets  which  form  important 
connecting  links  to  the  State  highway  system, 
the  county  highway  system,  or  farm-to- 
market  roads  The  State  or  the  city  or  town 
may  undertake  the  improvement  of  such 
facilities,  but  in  any  event  construction  must 
be  in  accordance  with  State  specifications. 
Any  remainder  shall  be  used  for  the  main- 
tenance,   repair,    improvement,    construction, 

M  Connecticut,  Maine,  New  Hampshire,  Oregon,  Virginia, 
Washington,  and  West  Virginia. 


or  widening  of  any  streets  designated  by  the 
governing  body  of  the  municipality. 

Somewhat  of  the  same  tenor  is  the  California 
law  under  which  five-eighths  of  1  cent  of  the 
gasoline  tax  is  allocated  for  expenditure  within 
the  various  cities  of  the  State,  on  a  population 
basis,  to  be  spent  on  major  city  streets  that 
are  not  State  highways,  and  on  the  secondary 
street  system.  The  law  provides  that  the  ex- 
penditure of  these  funds  shall  be  delegated  by 
the  State  to  the  governing  body  of  the  city,  if 
the  State  Division  of  Highways  is  satisfied  that 
the  city  is  equipped  to  conduct  the  work  in  an 
efficient  manner.  Otherwise,  the  work  is  to 
be  performed  by  the  State  itself. 

Three-fifths  of  the  money  apportioned  to 
cities  in  California  is  restricted  to  construction 
expenditures  on  major  city  street  systems, 
while  the  remaining  two-fifths  may  be  used  for 
maintenance  expenditures  on  either  the  major 
or  secondary  city  street  systems.  No  money 
apportioned  to  cities  is  earmarked  for  State 
highways,  because  the  State  is  charged  with 
the  responsibility  of  constructing  and  main- 
taining such  urban  facilities. 

In  Illinois,  approximately  one-third  of  the 
motor-fuel-tax  fund  is  allocated  to  the  munici- 
palities of  the  State  for  the  construction  and 
maintenance  of  a  system  of  arterial  streets  or 
thoroughfares,  other  than  urban  extensions  of 
State  highways,  subject  to  the  approval  of  the 
Department  of  Public  Works  and  Buildings. 
Improvements  made  on  unimproved  roads  by 
cities  in  New  Jersey,  with  funds  allocated  from 
the  motor-vehicle  fund,  must  conform  to 
standards  set  by  the  State. 

A  unique  provision  has  recently  been  added 
to  the  Oregon  code,  to  the  effect  that  the  State 
may  construct  streets,  other  than  State  high- 
ways, receiving  excessive  wear  through  sudden 
increases  in  population  or  heavy  industrial 
traffic,  from  a  special  fund  designated  for  the 
purpose. 

In  general,  however,  few  conditions  attach 
to  State  allocations  of  highway-user  imposts  to 
the  urban  areas.  Funds  are  apportioned  most 
often  "to  cities  and  towns,"  "to  cities  for  high- 
way purposes,"  "to  cities  for  improvement  and 
maintenance  of  city  streets,"  or  according  to 
similar  provisions. 


It  might  be  mentioned,  parenthetically,  that 
a  trend  seems  discernible  toward  the  allocation 
of  increased  revenues  from  highway-user  iir- 
posts  to  cities,  though  not  necessarily  on  a 
percentage  basis.  Six  States  enacted  legisla- 
tion in  1947  increasing  their  highway  revenue 
allocations  to  the  urban  areas.30 

A  comprehensive  analysis  of  the  authority 
of  the  States,  as  used  administratively,  is  found 
in  the  Public  Roads  Administration's  Highway 
Statistics,  19/f7,Zi  in  the  section  on  highway 
taxation,  particularly  tables  G-106,  MV-106, 
and  MC-106  (pp.  28-46). 

URBAN  MILEAGE  UNDER  STATE 
CONTROL 

In  order  to  provide  appropriate  background 
data  for  this  analysis  of  statutory  authority  of 
State  highway  departments  in  urban  areas,  the 
compilation  shown  in  table  2  (page  165)  was 
made  of  the  urban  mileage  under  State  control 
and  its  relationship  to  the  State  primary  sys- 
tems and  to  the  total  urban  mileage  in  each 
State.  The  table  is  based  on  Public  Roads 
Administration  data  collected  from  the  States. 

Mileage  shown  for  State  primary  systems 
represents  the  number  of  miles  for  which  the 
State  actually  assumes  administrative  control, 
and  does  not  necessarily  represent  the  entire 
mileage  over  which  the  State  has  statutory 
authority. 

SUMMARY  OF  STATE  STATUTORY 
AUTHORITY 

Table  3  (pp.  166-81)  reports  in  summary,  for 
each  State,  the  statutory  authority  of  the 
State  highway  departments  in  municipalities, 
and  related  provisions,  as  of  January  1,  1948. 
The  information  reported  is  based  in  part  on 
an  analysis  of  pertinent  sections  of  the  respec- 
tive State  statutory  codes,  and  in  part  on  a 
circularization  of  the  State  highway  depart- 
ments. Some  of  the  provisions  include 
administrative     practice     pursuant     to     law. 


30  California,  Colorado,  Indiana,  Maryland,  New  Jersey, 
and  Oregon. 

31  Highway  Statistics,  Wi7,  compiled  by  the  Public  Roads 
Administration;  Superintendent  of  Documents,  U.  S.  Gov- 
ernment Printing  Office,  Washington  25,  D.  C,  45  cents. 


HIGHWAY  PRACTICE 

in  the 
United  States  of  America 

A  230-page,  well-illustrated  bulletin,  Highway  Practice  in  the  United  States 
of  America,  has  been  prepared  by  the  staff  of  the  Public  Roads  Administra- 
tion for  the  use  of  foreign  engineers  who  come  to  the  United  States  to  study 
and  observe  highway  practice  as  it  has  developed  in  this  country,  and  for  all 
students,  engineers,  and  officials  interested  in  highways.  It  includes  extensive 
discussions  of  highway  history,  administration,  and  finance;  systems  and  stand- 
ards; location  and  design;  and  construction  and  maintenance.  Bibliographies 
are  appended. 

Copies  of  the  bulletin  may  be  purchased  from  the  Superintendent  of  Docu- 
ments, U.  S.  Government  Printing  Office,  Washington  25,  D.  C,  at  45  cents 
per  copy.  Prepayment  is  required.  Do  not  send  orders  to  the  Public  Roads 
Administration.     No  general  free  distribution  will  be  made. 
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A  Cooperative  Study  of  Structural 
Design  of  Nonrigid  Pavements 


Second  Progress  Report 


Figure  1. — The  load  reaction  trailers 


A  DESCRIPTION  OF  FURTHER  DEVELOPMENTS 
IN   TEST    METHODS    AND    INSTRUMENTATION 


Reported  by  R.  J.   LANCASTER,  Highway  Research  Engineer,  Bureau  of  Public  Roads 
and  J.   E.  DRISCOLL,  Research  Engineer,  the  Asphalt  Institute 


This  article  is  a  second  progress  report  on 
the  cooperative  investigation  of  the  struc- 
tural design  of  nonrigid  pavements.  The 
extensive  experiments  will  result  in  the  col- 
lection of  a  large  body  of  important  data 
and,  it  is  hoped,  in  the  development  of 
significant  conclusions  of  great  value. 

The  principal  objectives  of  the  investiga- 
tion include  development  of  the  load- 
supporting  values  of  nonrigid  pavements  by- 
full-scale  field  tests  and  correlation  of  these 
data  with  laboratory  tests  and  with  in- 
place  determinations  of  various  values  of 
the  base-course  and  subgrade  components. 

The  first  progress  report  provided  a  des- 
cription of  the  investigation,  its  purposes, 
and  proposed  methods  of  procedure.  This 
second  progress  report  describes  some  in- 
novations in  plate-load  testing  techniques 
and  equipment,  including  a  relatively  rapid 
method  of  testing  which  gives  both  com- 
plete load-deflection  relations  and  infor- 
mation pertaining  to  the  behavior  of  the 
components  of  a  nonrigid  pavement. 


THE  introductory  report  of  this  study  was 
presented  in  Public  Roads  over  a  year 
ago.1  In  addition  to  outlining  the  objectives 
of  the  study  it  included  a  descriptive  account 
of  the  construction  of  the  test  pavement  and 
a  discussion  dealing  with  the  development  of 
test  apparatus  and  testing  techniques. 

The  accumulation  of  test  data  from  the 
investigation  has  not  progressed  to  a  point 
that  warrants  presentation  of  the  findings  at 
this  time.2  However,  it  is  felt  that  a  de- 
scription of  further  developments  in  test  meth- 
ods and  instrumentation  might  currently 
prove  of  interest  and  value  to  others  carrying 
on  research  work  in  the  same  field.  This 
report,  then,  consists  principally  of  a  detailed 
description  of  the  methods  of  load  testing 
that  have  been  used  in  the  study  to  date. 

The  study  is  a  cooperative  undertaking  of 
the   Highway   Research   Board,   the   Asphalt 


i  A  cooperative  study  of  structural  design  of  nonrigid  pave- 
ments, by  A.  C.  Benkelman  and  F.  R.  Olmstead,  Public 
Roads,  vol.  25,  No.  2,  December  1947. 

2  This  paper  was  presented  at  the  28th  annual  meeting  cf 
the  Highway  Research  Board,  December  1948. 


Institute,  and  the  Bureau  of  Public  Roads 
It  is  being  conducted  on  an  oval  test  track 
having  two  parallel  tangents  800  feet  in 
length  connected  at  each  end  by  a  circular 
curve  of  200-foot  radius.  The  site  of  the 
experiment  is  near  Hybla  Valley,  Va.,  10  miles 
south  of  Washington,  D.  C. 

The  salient  features  of  the  pavement  sec- 
tions being  tested  at  the  present  time  are 
shown  in  figure  2.  They  consist  of  four  main 
sections,  each  200  feet  in  length  and  44  feet 
in  width,  having  base-course  and  surface- 
course  thicknesses  as  indicated.  The  sections 
of  pavement  were  built  upon  an  embankment 
of  uniform  A-6  soil.  The  stabilized-aggre- 
gate base  mixture  was  designed  to  conform 
with  specification  M  56-42,  Type  B-l,  of  the 
American  Association  of  State  Highway  Offi- 
cials, modified  to  permit  the  use  of  a  slight 
amount  of  oversize  material.  The  bituminous 
concrete  was  of  the  hot  plant-mixed  type, 
conforming  to  the  Asphalt  Institute  dense 
graded  aggregate  specification  A-2-a.  Mix 
No.  IV  of  this  specification  was  used  for  all 
3-inch  surfacing  and  for  the  top  3  inches  of 
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Figure  2. — Plan  arid  profile  of  pavement  sections,  and  locations  of  thermocouples. 


the  6-  and  9-inch  surfacing.  Mix  No.  II  was 
used  for  the  remaining  lower  portions  of  the 
'6-  and  9-inch  surfacing. 

ORIGINAL  TESTING  PLANS 

The  original  plans  of  the  investigation  called 
for  the  conduct  of  tests  of  both  the  static 
and  moving-load  type.  The  static  or  plate 
tests,  totaling  about  500,  were  to  be  made  first. 
It  was  realized  that  the  execution  of  these 
tests  would  require  a  very  long  period  of  time, 
particularly  if  but  one  test  could  be  made  per 
working  day  and  if,  because  of  climatic  con- 
ditions, testing  had  to  be  restricted  to  a  cer- 
tain season  of  the  year.  A  series  of  exploratory 
tests  had  demonstrated  clearly  that  consistent 
results  could  not  be  anticipated  if  tests  on  the 
asphaltic  concrete  were  conducted  at  pavement 
temperatures  appreciably  below  80°  or  above 
90°  F.  In  the  region  of  Washington,  D.  C, 
pavement  temperatures  of  this  range  in  an 
area  shaded  from  the  sun  prevail  generally 
during  the  four  summer  months  only,  or  for  a 
period  of  about  80  working  days. 

In  the  early  stages  of  the  investigation  con- 
sideration was  given  to  the  development  and 
possible  use  of  some  type  of  load-bearing  sur- 
face that  would  more  closely  simulate  the  effect 
of  loads  applied  through  tires  than  could  be 
obtained  with  rigid  plates.     Several  types  of 


bearing  surfaces  were  developed  that  gave 
promise  of  accomplishing  the  desired  result. 
However,  the  use  of  another  innovation  of 
testing  (simultaneous  deflection  measurements) 
which  will  be  described  later  rendered  their 
use  impractical  and  for  this  reason  all  of  the 
regularly  scheduled  bearing  tests  to  date  have 
been  made  with  rigid  plates.  Four  sizes  of 
plates  were  selected,  having  diameters  of  12, 
18,  24,  and  30  inches  respectively.  Two 
25-ton  capacity  low-bed  trailers  were  procured 
which,  when  loaded  with  concrete  blocks 
and  cross-connected  with  a  heavy  reaction 
girder  (see  fig.  1)  provided  a  fairly  mobile 
reaction  load  up  to  the  110,000-pound  maxi- 
mum capacity  of  the  available  hydraulic 
jacking  system. 

INCREMENTAL-REPETITIONAL 
LOADING  TESTS 

During  the  summer  of  1947  about  GO 
plate-load  tests  were  made,  using  an  incre- 
mental-repetitional  procedure.  This  proce- 
dure, which  was  mentioned  in  the  first  progress 
report,  provided  for  the  application  of  four 
load  increments,  each  increment  being  ap- 
plied and  released  five  times.  The  magnitude 
of  each  load  increment  is  such  as  to  produce 
an  increment  of  deflection  of  0.125  inch. 
Thus  the  gross  deflection  of  the  material  being 
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Figure  3.— Typical  load -deflection  and  load-settlement  data:  1947  procedure. 


tested  will  total  0.5  inch.  As  a  part  of  this 
procedure,  each  individual  period  of  load 
application  and  of  load  release  is  maintained 
until  the  rate  of  vertical  movement  conforms 
to  a  specified  criterion.  Obviously  the  time 
necessary  to  complete  a  test  'depends  to  a 
great  extent  on  the  specific  rate  value  selected 
for  this  criterion.  For  the  1947  tests,  this 
value  was  0.001  inch  per  minute  and  for  the 
higher  load  increments  a  time  interval  of  as 
much  as  one-half  hour  was  required  to  meet 
the  specified  criterion.  The  total  time  required 
for  making  a  test  using  this  procedure  varied 
somewhat,  depending  upon  the  size  of  plate 
and  character  of  the  material  being  loaded. 
However,  it  was  found  that  not  more  than  one 
test  on  an  average  could  be  completed  per 
working  day. 

Typical  data  obtained  with  this  method  of 
test  are  shown  in  figure  3.  This  is  a  load- 
deformation  plot  of  the  surface  of  the  pave- 
ment only.  Comparable  data  were  obtained 
simultaneously  at  the  surfaces  of  the  base 
course  and  of  the  subgrade,  so  that  two  addi- 
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Figure  4. — Method  of  measuring  simultane- 
ous deflections  at  three  levels  of  the 
pavement  structure. 

tional  graphs  of  this  nature  are  required  to 
show  all  the  data  resulting  from  one  test. 

ACCELERATED  LOAD-TEST 
PROCEDURE 

Mention  was  made  in  the  first  progress 
report  of  a  rapid  method  of  testing  that  was 
the  subject  of  some  experimentation  during 
preliminary  stages  of  the  investigation. 

The  outstanding  feature  of  this  so-called 
accelerated  method  of  test  involved  the  con- 
tinuous application  of  load  until  the  resistance 
of  the  material  was  overcome.  The  rate  of 
application  of  the  load  was  controlled  so  as  to 
produce  a  constant  rate  of  deflection  of  the 
material  under  test  of  1.2  inches  per  minute. 
This  meant  that  with  an  ultimate  or  end-point 
deflection  of  2  inches,  the  actual  time  involved 
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Figure  5. — Typical  load-test  set-up. 


in  making  a  test  was  less  than  2  minutes,  and 
that  with  adequate  personnel  and  equipment 
a  very  large  number  of  tests  could  be  made  in 
one  day. 

The  results  of  the  preliminary  work  using  the 
accelerated  procedure  of  loading  were  un- 
usually well  defined  with  respect  to  the  effect 
of  the  size  of  loaded  area  and  thickness  of  the 
pavement,  the  two  most  important  variables 
being  studied.  Also,  as  a  general  rule,  excel- 
lent agreement  was  found  to  exist  between  the 
results  of  duplicate  tests.  Moreover,  with 
this  testing  procedure  ultimate  load  values 
are  obtained — information  which  it  is  believed 
will  prove  helpful  in  the  analysis  and  correla- 
tion of  the  pavement  load-test  data. 

The  points  enumerated  above  all  entered 
into  the  decision  to  conduct  a  comprehensive 
series  of  tests  utilizing  the  principal  features 
of  the  accelerated  test.  However,  the  pro- 
cedure as  outlined  above  was  modified  to 
include  the  application  and  release  of  three 
load  increments  prior  to  applying  the  load 
continuously.  This  modification  was  intro- 
duced in  order  to  obtain  some  information  on 
the  elastic  action  of  the  pavement  components 
at  loads  less  than  ultimate. 

STEPS  IN  PROCEDURE 

The  procedure,  as  modified  and  adopted  for 
the  1948  series  of  tests,  consists  of  the  following 
steps : 

1.  Application  of  load  sufficient  to  produce 
a  deflection  of  approximately  0.2  inch. 

2.  Maintenance  of  the  load  until  the  rate 
of  deflection  slows  to  0.001  inch  in  15  seconds. 

3.  Release  of  the  load  until  the  rebound 
slows  to  0.001  inch  in  15  seconds. 

4.  Repeat  steps  1  to  3,  with  deflection  of 
of  0.3  inch  in  step  1. 


5.  Repeat  steps  1  to  3,  with  deflection  of 
0.4  inch  in  step  1. 

6.  Continuous  application  of  load  so  as  to 
produce  a  rate  of  deflection  of  0.5  inch  per 
minute  until  a  deflection  of  2  inches  is  reached. 

7.  At  a  location  just  outside  the  influence 
of  the  test  load  the  moisture  content  and 
density  of  the  base  course  are  determined,  an 
undisturbed  core  of  the  subgrade  is  taken  for 
a  triaxial  test,  and  moisture  samples  of  the 
subgrade  are  taken  from  depths  ranging  up 
to  3  feet. 

The  word  "deflection"  as  used  above  refers 
to  the  downward  movement  of  the  bearing 
plate,  under  load,  from  its  initial  position  at 
the  start  of  the  test.  In  addition  to  measur- 
ing the  deflection  of  the  surface  of  the  pave- 
ment, a  method  was  developed  by  means  of 


Figure  6. — Typical  photographic  record  of 
deflection  dials  and  load -pressure  gage. 


which  the  deflection  at  the  top  of  the  base 
course  and  at  the  top  of  the  subgrade  could  be 
recorded  simultaneously.  This  is  accom- 
plished by  measurements  made  with  vertical 
rods  which  pass  through  two  holes,  each  l'> 
inches  from  the  center  of  the  bearing  plates. 
and  into  matching  holes  drilled  to  the  proper 
depths  in  the  pavement  structure  (see  fig.  4). 
To  eliminate  friction  between  the  vertical  rods 
and  the  materials  through  which  they  pass 
and  to  provide  some  lateral  support  for  these 
materials,  metal  tubes  or  casings  are  inserted 
in  the  drilled  holes.  Care  is  taken  t)  provide 
clearance  between  the  lower  end  of  the  tube 
and  the  seat  of  the  deflection  rod  in  order  that 
any  compression  of  the  upper  layers  which 
might  develop  during  the  test  would  not  bring 
the  tubes  in  contact  with  the  deflection  rod 
seats.  These  seats  consist  of  a  hardened 
plaster  plug  or  bulb  formed  by  extruding  soft 
plaster  through  the  tubes  by  means  of  a 
snugly  fitting  plunger.  This  method  was 
developed  to  overcome  the  tendency  of  the 
material  at  the  base  of  the  holes,  particularly 
the  subgrade,  to  intrude  into  the  opening- 
daring  I  he  test. 

A  photograph  of  a  typical  load  set-up  with 
the  30-inch  diameter  bearing  plate  is  shown 
in  figure  5.  The  24-,  18-,  and  12-inch  plates 
are  pyramided  on  the  30-inch  plate  for  rigidity. 
Above  the  bearing  plates  is  a  spherical  bearing 
surface.  Resting  on  this  surface  is  a  cut-out 
cylindrical  section  in  which  the  special  2-inch 
range-deflection  measuring  dials  are  suspended 
by  arms  extending  from  the  deflection  or 
dial-support  beam.  The  cover  at-  the  upper 
end  of  the  cylindrical  section  supports  a 
50-ton  hydraulic  ram.  Supplying  oil  to  the 
ram  is  a  high-pressure,  low-volume,  radial- 
type   hydraulic    pump   driven    by    an    electric 
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motor  through  a  variable-speed  drive.  The 
maximum  operating  pressure  of  the  pump  is 
about   10.000  p.s.i.,  providing  the  maximum 

lion  of  about  110,000  pounds.  A  hand 
pump  connected  into  the  line  to  the  ram  has 
been  found  useful  in  maintaining  the  load 
increments  required  in  the  first  part  of  the 
test  procedure. 

The  hydraulic  pressure  gage  is  mounted 
near  the  deflection  dials  so  that  all  readings 
may  be  photographed  at  intervals  during  the 
continuous  test,  to  failure.  The  camera  is  a 
very  compact  35  mm.  spring-motor-powered 
automatic  type.  It  is  not  a  moving-picture 
camera,  but  takes  a  picture  and  rolls  up  the  film 
ready  for  the  next  exposure  each  time  a  button 
is  pressed.  During  the  progress  of  a  test  the 
operator  takes  a  picture  at  each  0.1  inch  of 
plate  defied  ion  as  indicated  by  the  measuring 
dial.  After  the  film  has  been  developed  the 
negative  is  projected  with  a  strip-film  projector 
on  a  small  screen  from  which  readings  of  the 
simultaneous  values  of  load,  deflection  of 
pavement  surface,  deflection  of  base  course, 
and  deflection  of  subgrade  are  taken.  A 
sample  frame  taken  from  a  film  record  is 
reproduced  in  figure  6. 

TYPICAL  TEST  DATA 

Typical  data  residting  from  this  test  proce- 
dure are  shown  in  figure  7.  The  shorter  lines 
radiating  from  the  origin  represent  the  first 
part  of  the  test  in  which  the  load  is  applied 
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Figure  7. — Typical  load-deflection  and  load-settlement  data:  1948  procedure. 


and  released  in  three  increments.  Three  of 
these  lines  are  the  load-deflection  relations 
for  the  three  components  of  pavement  struc- 
ture; that  is,  the  surfacing,  base,  and  subgrade. 


Figure  II. — Thermocouple  temperature  recorder. 
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The  other  three  are  the  load-settlement 
relations  of  the  same  three  components  of 
pavement  structure.  The  remaining  three 
curves  that  sweep  across  the  graph  are  the 
result  of  the  latter  part  of  the  test,  in  which 
the  load  is  applied  continuously  until  a 
deflection  of  2.0  inches  is  reached.  These 
are  load-deflection  relationships  starting  from 
the  last  settlement  values  obtained  for  the 
surface,  base,  and  subgrade,  respectively.  It 
is  to  be  noted  that  an  ultimate  load  value  is 
reached,  after  which  the  curves  descend 
slightly.  As  stated  before,  in  this  type  of 
test  the  load  is  applied  in  such  manner  as  to 
give  a  constant  deflection  rate  of  0.5  inch 
per  minute. 

In  addition  to  load  testing  the  surface  of  the 
pavement,  tests  are  also  made  directly  on  the 
base,  with  the  surfacing  removed,  and  on  the 
subgrade  with  the  total  depth  of  pavement 
removed.    All  tests  are  made  in  duplicate. 

Tests  on  the  base  course  and  subgrade  are 
made  in  two  ways:  one,  with  surcharge, 
where  the  opening  in  the  overlying  pavement 
components  is  of  a  size  just  sufficient  to 
accommodate  the  plate;  the  other,  without 
surcharge,  where  the  diameter  of  the  opening 
is  three  times  the  diameter  of  the  plate. 

Using  the  equipment  and  procedure  de- 
scribed, over  200  individual  loading  tests 
were  made  during  the  summer  of  1948,  an 
average  of  about  four  tests  per  8-hour  day. 

SPECIAL    SUBGRADE    BEARING    TESTS 

In  an  investigation  of  this  nature  it  is 
considered  essential  to  develop  as  complete 
knowledge  as  possible  of  bearing  capacity  of 
the  subgrade  soil,  particularly  as  influenced 
by  the  size  of  loaded  area.  Obviously  the 
character  of  this  relation  will  depend  upon 
the  degree  of  uniformity  of  the  material.  A 
soil  mass  uniform  with  respect  to  composition, 

(Continued  on  page  200) 

August  1949  •   PUBLIC   ROADS 


Life  Characteristics 
of  Highway  Surfaces 


£1    THE  DIVISION  OF  FINANCIAL 

AND  ADMINISTRATIVE  RESEARCH, 

BUREAU  OF  PUBLIC  ROADS 

Reported'    by  FRED  B.  FARRELL,  Chief,  Highway  Cost  Section 
and  HENRY  R.  PATERICK,  Head,  Annual  Cost  Unit 


One  objective  of  the  road-life  study  phase  of  the  highway  planning  surveys  is 
the  analysis  of  service-life  characteristics  of  primary  rural  highway  surfaces. 
The  first  comprehensive  report  on  this  subject  was  published  in  PUBLIC  ROADS 
in  1941.  The  present  article  reports  further  information  and  compares  the 
original  seri'ice-life  estimates  with  actual  later  experience. 

The  reported  analyses  are  based  on  248,783  miles  of  construction  and  129,593 
miles  of  retirement,  up  to  1946,  on  rural  State  or  Federal-aid  primary  systems 
in  16  States.  Estimates  of  average  service  lives  range  from  4  'A  years  for  low-type 
to  27  years  for  high-type  surfaces. 

For  12  States  represented  in  both  reports,  future  mileages  remaining  in  service 
were  estimated  from  the  average  life  analyses  in  the  1941  study,  based  on  actual 
experience  to  1937.  Five-year  forecasts  compared  closely  ivith  actual  mileages 
remaining  in  service  in  1942.  Greater  differences  were  found  between  the  ten- 
year  forecasts  and  actual  mileages  remaining  in  service  in  1946,  probably  due  to 
the  lagging  construction  program  during  the  war. 

On  January  1,  1946,  the  average  age  of  low-type  surfaces  was  10.6  years;  of 
intermediate  types,  8.2  years;  and  of  high  types,  13.5  years.  Corresponding 
remaining  life  expectancies  of  the  mileages  in  service  were  4.5,  7.6,  and  12.0 
years.  Of  the  mileages  in  service  in  1946,  it  is  estimated  that  94  percent  of  the 
low-type,  74  percent  of  the  intermediate-type,  and  44  percent  of  the  high-type 
surfaces  ivill  require  rebuilding  by  1956. 

Of  92,565  miles  of  retirements  through  1945,  58  percent  was  resurfaced,  30  per- 
cent reconstructed,  10  percent  transferred  to  other  public  agencies,  and  2  percent 
abandoned.  During  the  ivar  the  proportion  of  resurfacing  of  high  types  in- 
creased noticeably. 

Preliminary  studies  indicate  that,  because  of  salvage  value  at  retirement,  the 
average  dollar  investment  life  exceeds  the  average  service  life  of  a  surface  on  a 
mileage  basis.  For  gravel  surfaces  constructed  in  1920-25  in  one  State,  the 
average  service  life  of  the  surface  was  5.6  years,  while  the  dollar  investment  life 
was  8.6  years. 


THE  PRESENT  STAGE  of  development  of 
the  Nation's  highways,  roads,  and  streets 
is  the  result  of  tremendous  accomplishments 
over  the  past  30  years.  Proper  management 
of  this  vast  transportation  system  requires  the 
collection,  analysis,  and  interpretation  of  com- 
plete factual  data  relating  to  the  construction, 
maintenance,  operation,  and  administration  of 
the  highway  plant.  The  highway  planning 
surveys,  undertaken  in  the  middle  1930's  by 
the  State  highway  departments  in  cooperation 
with  the  Bureau  of  Public  Roads,  were  con- 
ceived for  this  purpose. 

The  highway  plant  itself  is  the  proving 
ground  from  which  can  be  obtained  the  facts 
relating  to  past  and  present  performance  of 
various  types  of  highway  construction  under 
varying  degrees  of  use.  An  evaluation  of 
these  facts  in  relation  to  known  conditions  is 
essential  in  order  that  plans  for  orderly  future 

i  Presented  at  the  28th  annual  meeting  of  the  Highway 
Research  Board,  December  1948. 
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development  can  be  undertaken  with  confi- 
dence. The  road-life  study  phase  of  the  com- 
prehensive highway  planning  surveys  provides 
the  means  for  obtaining  the  data  upon  which 
such  evaluations  can  be  made.  Among  its 
objectives  is  the  determination  of  the  annual 
cost  of  highways,  embracing  such  items  as 
rates  of  wearing  out,  construction  costs,  main- 
tenance costs,  extent  of  functional  obsolescence 
and  structural  deterioration,  and  life  of  the 
investment. 

Up  to  the  present  time,  the  road-life  studies 
in  the  individual  States  have  been  confined 
largely  to  the  primary  State  highway  systems 
or  the  Federal-aid  primary  systems.  They 
are  gradually  being  extended  to  State  second- 
ary and  Federal-aid  secondary  systems  and 
to  city  streets. 

The  principal  progress  in  this  field  of  re- 
search has  been  in  the  determination  of  the 
life  characteristics  of  highway  surfaces.  The 
first    comprehensive    report    on    this    subject 


was  made  in  1941.2  In  that  report  (here- 
after referred  to  simply  as  the  1941  report) 
were  included  the  results  of  service-life  anal- 
yses of  210,000  miles  of  construction  up  to 
January  1,  1937,  of  various  surface  types  in 
26  States. 

Activity  on  the  road-life  study  was  con- 
siderably curtailed  during  World  War  II,  and 
the  work  was  not  resumed  on  a  broad  scale 
until  1946.  Of  the  37  States  which  now  have 
prepared  road-life  mileage  tabulations,  there 
are  16  with  a  cut-off  date  of  January  1,  1946. 
The  tabulations  for  the  remaining  21  States 
are  not  sufficiently  current  to  warrant  in- 
clusion in  the  present  analysis. 

Data  for  the  following  16  States  are  in- 
cluded in  this  report: 


Idaho 

Illinois 

Indiana 

Kansas 

Maryland 

Minnesota 

Missouri 

Montana 


Nevada 

New  Mexico 

Oklahoma 

Texas 

Utah 

West  Virginia 

Wisconsin 

Wyoming 


BASIC  DATA  COMPILED 

The  basic  data  compiled  for  the  purpose  of 
this  report  embrace  248,783  miles  of  construc- 
tion of  various  surface  types  on  the  rural 
portions  of  the  primary  State  or  Federal-r.id 
systems  of  these  16  States.  In  general,  all 
mileage  in  incorporated  places  of  greater  than 
1,000  persons  has  been  excluded.  Construc- 
tion of  widening  has  also  been  omitted  in  those 
cases  where  the  widening  was  done  as  a 
separate  operation.  Where  the  widening  was 
done  in  conjunction  with  the  resurfacing  or 
reconstruction  of  the  previous  surface,  the 
mileage  of  the  new  construction,  which  in- 
cludes widening,  is  represented  in  the  tabula- 
tions. The  basic  summaries  cover  the  period 
from  January  1,  1900,  to  January  1,  1946,  and 
include: 

1.  Mileage  constructed  each  year  for  each 
surface  type  (for  16  States). 

2.  Mileage  of  each  year's  construction  of 
each  surface  type  remaining  in  service  on 
January  1  each  year  after  construction  (for 
16  States). 

2  Life  characteristics  of  surfaces  constructed  on  primary  rural 
highways,  by  Robley  Winfrey  and  Fred  B.  Farrcll;  PUBLIC 
Roads,  vol.  22,  No.  1,  March  1941. 
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3.  Replacemenf  surface  types  for  mileage 
of  each  surface  type  retired  each  year  (for 
13  Stales). 

4.  Method  of  retirement  (resurfaced,  re- 
constructed, abandoned,  or  transferred)  for 
mileage  of  each  surface  type  retired  each  year 
(for  13  States). 

Data  for  Idaho,  Wisconsin,  and  Wyoming 
were  not  available  for  the  summaries  prepared 
in  i lection  with  items  .'3  and  4. 

In  addition,  there  are  certain  data  from 
1 1  ree  of  the  States— Missouri,  West  Virginia, 
and  Wisconsin  -relating  to  dollars  invested 
each  year  and  remaining  in  service  each  sub- 
sequent year.  Some  results  of  these  analyses 
are  also  included  in  this  report . 

There  are  eight  major  surface  types  for 
which  individual  service-life  analyses  were 
made: 

1 .  Soil  surfaced. 

2.  Gravel  or  stone. 

3.  Bituminous  surface  treated. 
I.  Mixed  bituminous. 

.->.  Bituminous  penetration. 

6.  Bituminous  concrete.3 

7.  Portland-cement  concrete. 

8.  Brick  or  block. 

Definitions  of  these  surface  types,  used  in 
all  phases  of  the  highway  planning  surveys  in 
determining  the  general  type  classifications 
constructed  in  the  individual  States,  will  be 
found  in  the  appendix,  page  196.  Definitions 
of  the  four  methods  of  retirement  will  also  be 
found  in  the  appendix. 

AVERAGE  LIFE  DEFINED 

The  average  service  life  of  a  road  surface  is 
I  lie  average  period  of  time  after  construction 
that  the  surface  remains  in  service  prior  to 
being  replaced,  resurfaced,  reconstructed,  or 
otherwise  taken  out  of  service  for  any  reason 
or  by  any  method.  Stated  in  another  man- 
ner, it  is  that  period  of  time  after  construction 
during  which  the  only  operations  performed 
on  the  road  surface  are  those  of  maintenance 
as  practiced  by  the  various  States.  It  is  a 
recognized  fact,  however,  that  a  significant 
amount  of  construction  work  is  done  by  main- 
tenance forces  and  paid  for  out  of  maintenance 
funds  in  many  States.  In  recording  the 
original  data  summarized   in   this  report,   an 

3  Including  sheet  asphalt  and  rock  asphalt. 


attempt  was  made  in  eacn  oraie  iv  segicB»i.c 
construction  from  maintenance  in  a  uniform 
manner  regardless  of  the  particular  accounting 
practices  in  effect  in  a  given  State.  The 
classifications  of  construction  and  mainte- 
nance operations  generally  followed  in  the 
road-life  study  are  those  included  in  the  tenta- 
tive draft  of  the  report  to  the  1938  meeting 
of  the  Subcommittee  on  Uniform  Accounting 
of  the  American  Association  of  State  Highway 
Officials.4 

ANALYSIS  PROCEDURES 

The  survivor  curve  analysis  procedures 
employed  in  this  report  are  the  same  as  those 
which  are  discussed  at  some  length  in  the 
ID  11  report.  Reference  should  be  made  to 
this  earlier  report  for  an  explanation  of  the 
mechanics  of  computing  average  service  life. 
There  is  one  difference  in  the  manner  of 
analyzing  the  data  compiled  by  the  States: 
In  the  1941  report,  a  single  analysis  was 
made  of  the  combined  data  for  all  States;  in 
the  present  report,  individual  analyses  were 
made  for  each  State  and  the  results  combined 
by  weighting.  The  two  procedures  will  yield 
the  same  result,  however. 

The  average  life  data  included  in  this 
report,  represent  estimates  based  upon  actual 
experience.  Over  the  years  there  have  been 
changes  in  construction  methods  and  design 
standards.  There  have  been  periods  of 
accelerated  activity  and  periods  when  little 
or  no  construction  work  was  accomplished. 
Some  roads  have  been  kept  in  service  too  long 
while  others  have  been  rebuilt  before  the  end 
of  their  useful  life.  Maintenance  has  fre- 
quently been  inadequate.  There  have  been 
many  instances  of  overdesign  and  under- 
design. 

Throughout  the  past  30  years,  nevertheless, 
there  has  been  sustained  improvement  in  the 
standards  of  highway  design,  construction, 
maintenance,  and  administration.  Each  of 
these  has  its  influence  upon  service  life,  but 
their  individual  effects  cannot  be  evaluated 
with  certainty.  As  a  result  of  improvements 
which  are  continually  being  made  in  design 
standards,    for  example,    certain   factors   con- 


i  Copies  of  this  tentative  draft  were  transmitted  to  all 
State  highway  departments  under  date  of  June  2,  1938,  by 
the  Subcommittee  on  Uniform  Accounting,  American  Asso- 
ciation of  state  Highway  Officials. 


failure    are    gradually    being    reduced    to    a 
minimum,  or  even  eliminated. 

It  must  be  recognized,  also,  that  large 
backlogs  of  needed  replacements  of  highway 
facilities  have  been  accumulating  for  many 
years.  The  extent  of  these  backlogs  is 
forcibly  brought  to  attention  in  the  long- 
range  highway  needs  studies  which  are  under 
way  or  which  have  been  recently  completed 
in  several  States.  If  the  accumulated  de- 
ficiencies in  the  highway  plant  are  to  be 
overcome  at  the  rates  recommended  in  these 
long-range  studies,  it  is  likely  that  the  prob- 
able remaining  service  lives  may,  in  some 
instances,  prove  to  be  somewhat  less  than 
indicated  by  the  data  presented  in  this  report. 
While  it  is  true  that  substantial  advances 
are  being  made  in  obtaining  greater  value  from 
the  investment  in  highways,  it  should  not  be 
concluded  that  the  highway  plant  can  or 
should  be  built  to  last  indefinitely.  There  has 
been  in  the  past  and  will  continue  to  be  in  the 
future  a  need  for  all  types  of  highway  facilities. 
The  complexities  of  modern  transportation 
will  also  result  in  shifts  in  the  importance  of 
various  roads  and  streets.  Traffic  patterns 
are  subject  to  continual  change,  and  the  high- 
way plant  must  be  sufficiently  flexible  to 
absorb  these  changes. 

In  actual  practice  only  a  small  percentage  of 
road  sections  have  a  life  exactly  equal  to  the 
average.  Thus,  when  there  is  need  for  an 
estimate  of  service  life  for  a  particular  road 
section  it  is  necessary  to  consider  such  fac- 
tors :ts  age,  structural  condition,  design  fea- 
tures, location,  and  traffic  usage  which  relate 
to  that  section.  Only  by  the  exercise  of 
expert  engineering  judgment  in  the  evaluation 
of  these  factors  is  it  possible  to  arrive  at  an 
estimate  of  the  remaining  service  life  for  a 
particular  road  section. 

MILEAGE  IN  SERVICE 

In  table  I  i>  listed  for  each  surface  type,  by 
."i-\  ear  construction  periods,  the  mileage  con- 
structed during  each  period  and  the  mileage 
remaining  in  service  on  January  1,  1946. 
Approximately  38  percent  of  the  surfaced 
mileage  on  the  primary  rural  State  highway 
systems  is  represented  by  these  data,  the 
proportion  of  each  surface  type  being  as 
follows  (se<  next  page.): 


Tabic  1. — Mileages  constructed  and  mileages  remaining  in  service  on  Jan.  1.  194b,  for  each  surface  type 


Construction  year  period 

Soil  surfaced 

Gravel  or  stone       l!^'™.;,u''-    Mixed  bituminous 

Bituminous  pene- 
tration 

Bituminous  con- 
crete 

Port  land-cement 
concrete 

Brick  or  block 

Miles 
con- 
structed 

Miles 

remain- 
ing in 
sen  lee 

Miles 

con- 
structed 

Mile 
remain- 
ing in 
service 

Miles 
con- 
structed 

Miles 
remain- 
ing in 

service 

Miles 

con- 
structed 

Miles 

remain- 
ing in 
service 

Miles 

con- 
sti  ucted 

Miles 
remain. 

ins  in 
service 

Miles 

con- 
st] ucted 

M  lie 

remain- 
ing in 
set  \  ice 

Miles 

con- 

structed 

M  He-- 
remain 
ing  in 

Set  \  lee 

Miles 
con- 
structed 

Miles 
remain- 
ing in 

service 

1905  ami  prior 

0.0 
II.  0 
7  6 
18.5 
48.  2 
125.5 
165.6 

36. " 
198.7 

1,  330.  2 
6,307  l 
21.521.4 
23,  17(1.3 
18,  998.  6 
10.911.2 
4,913.0 

0.0 

0.0 

45.  8 

146.  3 

1,  194.  9 

2,177.9 

3,  370,  5 

3,388.6 

3,  348.  8 

is  :; 
202.  1 
618.7 
4,104.7 
9,300.0 
1 2,  1 55,  7 
s.  487.  4 

9.4 
60.9 

1211.0 

984  6 

2,  782. 1 

8,  167.9 

7,819.9 

3.7 

182.1 

1,043.1 

5,801.0 

22,  470.  4 

22,  997.  9 

7,561.4 

2.  i 

l.'l'..  1 
640.8 

1,966.  1 

1(1.970.9 
15,062.9 

7,  082.  6 

4.4 
29.2 
231.0 

1  .".in.  2 
1,850  9 

2  886,  1 
1,  152  (I 
1.032.4 

0.0 

4.2 

42.2 

371.fi 

824.9 

2.041.5 

1,206  8 

1,004.6 

24.8 
205.8 
821  6 

1,259.0 
1,521.4 
2,92*  2 
3,  742.  8 

7.1 

57.0 

297.  3 

559.2 

1.014.7 

2,  365.  3 

3,  686.  2 

1.0 
398.  5 
1,457.9 
8,  854.  9 
12,486.8 
10,581.  l 
4,  459.  f> 
1,634   1 

0.0 

137.8 

654.4 

6,651    l 

11.637.  1 

10,331.8 

1,408.8 

1,628.1 

0.3 

3.7 

65.2 

153.0 

331.2 

135.1 

161.8 

23.4 

14.5 

0.0 

0.0 

16.4 

30.0 

139   s 
98.7 
97.1 
20.4 
14.5 

1906  lie. 

34  'i 
160.0 
136  :; 
146.9 
667.  '.i 
1,364.7 
ass.  5 

19211-30, 
1931-35... 

1936   1" 
1941    i 

Total 

399  2 

365.4 

90, 392.  5 

13,678  8    34,887.5 

19,  944.  8 

60.  059.  0 

35,  852. 1 

8.  777.  1 

5,  495.  8 

10,  504.  2 

7.  986  8 

39,874.2    35,449.4          888.8        410.9 

i  Compiled  from  data  submitted  bj  16  States  for  rural  stale  or  Federal-aid  primary  systems. 
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Percent 

Soil  surfaced 13 

Gravel  or  stone 27 

Bituminous  surface  treated 32 

Mixed  bituminous 54 

Bituminous  penetration 23 

Bituminous  concrete 32 

Portland-cement  concrete 44 

Brick  or  block 31 

Average,  all  types 38 

There  are  some  mileages,  particularly  of  the 
lower  types,  for  which  the  date  of  retirement 
is  known  but  for  which  the  date  of  initial  con- 
struction was  not  available.  This  results 
primarily  from  the  difficulty  in  locating 
records  of  early  construction.  The  partial 
data  in  these  cases  are  not  included  in  the 
analysis. 

The  probable  average  service  lives  for  each 
surface  type  are  shown  in  table  2,  for  5-year 
construction  periods.  Estimates  of  average 
lives  are  given  in  this  table  only  when  retire- 
ments were  sufficient  to  warrant  making  the 
estimates.  Because  of  the  smaller  mileages 
involved,  the  retirement  trends  for  earlier 
construction  are  frequently  more  erratic  than 
the  trends  for  the  larger  mileages  of  more 
recent  construction.  The  average  life  esti- 
mates for  this  earlier  construction  are  more 
reliable,  however,  because  of  the  greater 
retirement  experience. 

In  addition  to  the  major  types  listed  in 
table  2,  there  are  certain  subtypes  for  which 
the  average  service  lives  have  been  computed. 
Probably  the  most  interesting  of  these  sub- 
types is  old  portland-cement  concrete  which 
has  been  resurfaced  with  mixed  bituminous  or 
bituminous  concrete  surfaces.  Of  the  2,500 
miles  of  this  subtype  included  with  the  major 
type  in  this  report,  77  percent  involves  old 
portland-cement  concrete  resurfaced  with 
bituminous  concrete  and  23  percent  resurfaced 
with  mixed  bituminous  surfaces.  For  the 
major  mileage  of  this  subtype,  there  have  been 
insufficient  retirements  upon  which  to  base  an 
estimate  of  average  life.  During  the  period 
1926-35,  however,  there  were  about  230  miles 
of  old  concrete  resurfaced,  of  which  less  than  10 
percent  was  still  in  service  on  January  1,  1946. 
On  the  basis  of  this  retirement  experience,  the 
additional  service  life  obtained  from  old 
portland-cement  concrete  roads  after  they  are 
resurfaced  is  13.7  years.  The  limited  retire- 
ment experience  for  later  construction  of  this 
subtype  indicates  that  the  average  service  life 
will  remain  in  the  neighborhood  of  14  years. 

INFLUENCE  OF  WAR  ON  RETIREMENTS 

The  war  period  has  had  an  influence  upon 
the  retirement  trends  of  various  surface  types. 
Many  surfaces  were  kept  in  service  beyond 
their  normal  life  even  though  subjected,  in 
many  cases,  to  greater  wear  than  at  any 
previous  period.  In  order  to  reflect  the  ad- 
ditional life  thus  obtained  in  the  average  life 
estimates  included  in  this  report,  it  was 
necessary  to  make  a  minor  adjustment  to  the 
analysis  procedures  outlined  in  the  1941  re- 
port. This  was  accomplished  by  assuming 
that  the  backlog  of  deferred  work  during  the 
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Table  2. —  Weighted  probable  average  service   lives  for  various  construction-year  periods 

for  each  surface  type  l 


Construction-year  pet  iod 

Surface  type 

Soil 
surfaced 

Gravel 

or 
stone 

Bitumi- 
nous 
surface 
treated 

Mixed 
bitumi- 
nous 

Bitumi- 
nous 

penetra- 
tion 

Bitumi- 
nous 
concrete 

Portland- 
cement 
concrete 

Brick 

or 
block 

1 905  and  prior 

1906-10 

1911-15 

1916-20 

1921-25 

1926-30.-- 

Fears 

6.  3 
12.1 

8.7 
7.2 
4.5 
2.9 
2.1 

Years 
19.9 
12.0 
14.7 
10.  5 
9.1 
6.6 
5.9 
5.6 
5.1 

Years 

23.9 
17.9 
14.4 
9.1 
7.4 
10.3 

Years 

21.  1 
25.4 
21  9 
12.3 
11.6 
11.6 

Years 

15. 6 
14.8 
15.3 
16.2 
16.0 
1 5.  9 
14.5 

Years 

24.9 
18.3 
18.1 
15.6 
14.7 
13.  5 

Years 

27.7 
23.9 
24.5 
26.1 
28.  2 

Years 

in  ii 
24.7 
24.7 
21.6 

20.  2 

21.  1 
16.4 

1931-35 

1936-40 

1941-45 

1  Based  on  analyses  of  data  submitted  by  16  States  for  rural  State  or  Federal-aid  primary  systems.  Average  lives  shown 
in  this  table  arc  to  the  nearest  0.1  year,  but  they  should  not  be  presumed  accurate  to  this  extent.  The  averages  would  be  mate- 
rially affected  by  excluding  ml stutesor  by  including  additional  States. 


war  would  be  overcome  and  the  normal  trend 
resumed  within  a  maximum  of  10  years  after 
the  war.  The  rate  of  recovery  estimated  in 
each  instance  depended  upon  the  percentage 
surviving  at  the  beginning  of  the  war,  the 
age  of  these  survivors,  the  previous  rate  of 
retirement,  and  the  retirements,  if  any,  which 
were  made  during  the  war  period. 

COMPARISON  OF  TWO  STUDIES 

There  are  certain  differences  between  the 
average  lives  presented  in  the  1941  report  and 
those  listed  in  the  present  report.  Table  3 
shows  a  comparison  of  the  average  lives  for 


various  types  for  the  most  recent  5-year 
periods  for  which  data  were  listed  in  the  1941 
report. 

No  particular  significance  should  be  attri- 
buted to  the  differences  in  average  lives  shown 
in  table  3.  Variations  in  average  lives  of  this 
magnitude  are  not  uncommon  when  the 
analyses  are  based  upon  different  groupings 
of  States.  Further,  unusual  construction 
practices  in  one  State  may  have  considerable 
effect  upon  the  average  for  a  group  of  States. 
In  Wisconsin,  for  example,  the  practice  of  fre- 
quent resurfacing  of  bituminous  surface- 
treated  and  mixed-bituminous  roads  has  been 


Table  3. — Comparison  of  average  lives  presented  in  the  1941  report  with  those  listed  in  the 

present  report 


Surface  type 

Compari- 
son period  > 

1941  report  (26  States) 

Present  report  (16 
States) 

Miles  con-      Average 
structcd             life 

Miles  con- 
structed 

A  verage 
life 

1931-35 
1931-35 
1931-35 
1926-30 
1926-30 
1921-25 
1921-25 
1921-25 

Miles 

2  2.  542 

22,  793 

2  10,  286 

5,  610 
3.725 
2,  362 

6,  737 
980 

Years 

2  5.4 
6  n 
-'  11.4 
14.3 
17.0 
17.9 
24.4 
18.2 

\l lit  s 

668 

18,999 

9.301 

5,  SOI 

1,  851 

822 

8,  855 

331 

Years 

4.5 
5.9 
3  7.4 
<  12.3 
16.0 
18.1 
26.1 
20.2 

i  The  most  recent  period  for  which  data  were  presented  in  table  18  in  the  1941  report . 

2  1931-34. 

3  If  Wisconsin  data  are  excluded,  average  life  is  10.2  years. 
i  11  Wisconsin  data  are  excluded,  average  life  is  13.0  years. 


Table  4. — Comparison  of  forecasts  of  the  amounts  of  surfacing  remaining  in  service  with 

later  actual  experience 


Surface  type 


Original 

mileage 

constructed  ' 


Soil  surfaced 

Gravel  or  stone 

Bituminous  surface  treated 

Mixed  bituminous-- 

Bituminous  penetration 

Bituminous  concrete 

Port  land-cement  concrete--. 
Brick  or  block 


Total. 


Miles 

781 

40.  416 

7.  420 

7   149 

3,  533 

989 

3.  471 

ins 


64,467 


Percentage    of    original    construction    remaining    in 
service- 


As  of  Jan.  1,  1942 


Forecast 


Peru  at 
11 
12 
51 
56 
53 
45 
63 
58 


\etlllll 

experience 


Perci  hi 
22 
14 
52 
55 
55 
46 
69 
56 


29 


As  of  Jan.  1,  1946 


Forecast 


4 
34 

37 
37 
27 
is 
42 


Actual 
experience 


! 
8 
11 
40 
49 
37 
38 
till 
31 


23 


i  Comparison  of  data  for  12  States  included  in  both  the  1941  report  and  the  present  report     Forecasts  were  based  onanalj  es 
of  previous  tabulations  which  showed  actual  experience  to  Jan.  1, 1937. 
2  Includes  mileage  constructed  through  the  latest  year  for  which  average  life  data  were  presented  in  the  1941  rep  irl 
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T.,|,l<.  5.— Mileages  retired  for  which  methods  of  retirement  were  determined 


i  [ravel  oi  stone 

■ | 

Miles  retired  during  each  year  group 

1927  and 
prior 

1928  30 

1931   33 

1934  36 

1937  39 

nun  4.' 

1943-45 

88.9 
■!,  335.  9 

37  ii 

31.2 
137.5 

51.1 
109,  7 

18.6 

77.2 
8,310.7 
136.3 
153.0 
145.  7 

39.  7 
151.6 

27.0 

256.  8 
1  1,  159.3 

802  6 
832.  3 
271.5 
170.5 
369.  7 
50.2 

308  9 

12,227.0 
1,488  1 

I,  Us.-1 
189  5 
298.8 
347.  4 
35.7 

697.  2 
9,  552.  3 
2,  435.  8 

433.  l 
435. 0 

84.1 

6, 950.  9 
2.240.5 
2.  759.  9 
689  8 
615.3 
690.8 
107.8 

131.4 

1.979.8 
2.  7(15.  5 
2,  155.  4 
1.023.4 

852.1 
1,464.9 

143.1 

Portland-cement  concrete 

4,  809.  9 

9,041   2 

17.218.9 

li;,r,i:;  <i 

18,832.9     .   14,962.6 

11.055.6 



'  Compiled  from  data  submitted  by  13  States  fur  rural  State  or  Federal-aid  primary  systems. 

Table  6.— Retired  mileages  for  each  surface  type,  and  percentage  distribution  accordii 
to  method  of  retirement  (total  for  1945  and  prior)  ' 


Surface  type  retired 

Total 
retired 

Methods  of  retirement 

Resurfaced 

Recon- 
structed 

Aban- 
doned 

Trans- 
ferred 

Total 

Miles 

2,  768. 0 
57,815.9 

9, 846. 1 
12,  283. 0 

3, 190.  5 

2,  462.  5 

3,  726.  5 
472.5 

Percent 
68.6 
58.8 
58.9 
51.3 
56.3 
65.9 
54.8 
53.3 

Percent 
24.5 
29.7 
27.1 
37.3 
24.7 
19.8 
20.6 
30.6 

Percent 
1.8 
2.3 
3.4 
2.0 
3.7 
2.4 
3.3 
2.7 

Percent 
5.1 
9.2 
10.6 
9.4 
15.3 
11.9 
15.3 
13.4 

Percent 
100.0 
100.0 
100.0 
100.0 
100.0 
100  0 
100  (I 
100.  0 

Bituminous  surface  treated  -     ...   

Bituminous  penetration. . .. . 

Portland-cement  concrete 

Total  .             

92,  565.  0 

58.0 

29.8 

2.4 

9.8 

100.0 

average  life  upon  which  the  forecast  was 
based. 7  There  are  doubtless  other  reasons 
involved,  but  their  specific  influence  on  the 
previous  analyses  are  most  difficult  to  deter- 
mine and  hence  have  not  been  evaluated. 

Greater  differences  are  apparent  in  the 
comparison  of  forecasts  and  actual  mileages 
remaining  in  service  on  January  1,  1946.  In 
t  his  case,  the  differences  can  be  attributed  to  a 
large  extent  to  the  lagging  highway  program 
(luring  the  war  period. 

The  evidence  in  table  4  would  indicate  that 
the  analysis  procedures  employed  in  the  1941 
report  yielded  generally  satisfactory  results 
when  appraised  in  the  light  of  actual  expe- 
rience. With  more  actual  experience  in 
construction  and  retirements  to  draw  upon, 
with  each  successive  year,  it  can  be  expected 
that  the  analysis  techniques  will  yield  results 
progressively  more  reliable. 


'  Computed  from  data  submitted  by  13  States  for  rural  State  or  Federal-aid  primary  systems. 


followed.  If  the  experience  for  Wisconsin  is 
excluded  from  the  analyses  for  the  16  States 
included  in  this  report,  the  average  lives  for 
these  types  show  a  closer  agreement  with  the 
1941  report.5 

There  are  12  States  5  included  in  the  present 
report  which  were  included  in  the  1941  report. 
For  these  12  States  it  is  now  possible  to 
compare  forecasts  of  mileages  remaining  in 
service,  as  obtained  from  analyses  made  in 
1941,  with  actual  experience.  In  the  1941 
report,  estimated  average  lives  for  the  various 
surface  types  were  presented  up  to  and  includ- 
ing the  most  recent  year  for  which  the  retire- 
ment experience  was  sufficient  to  enable  a 
reasonable  estimate  of  the  average  life  to  be 
made.  Based  upon  these  previous  estimates 
of  average  lives,  projections  were  made,  for 
each  of  the  12  States,  of  the  probable  mileages 
of  each  surface  type  that  would  still  be  in 
service  on  January  1,  1942,  and  on  January 
1,  1946.  The  extent  to  which  these  forecasts 
varied  from  the  actual  experience  is  shown  in 
table  4. 

For  the  most  part,  the  forecasted  amounts 
and  the  actual  amounts  remaining  in  service  on 
January  1,  1942,  show  reasonable  agreement. 
The  greatest  difference  is  in  the  soil-surfaced 
type,  but,  because  of  its  short  life  and  limited 
mileage,  its  retirement  trend  is  usually 
erratic.  For  the  other  types,  the  forecasts 
and  the  actual  amounts  remaining  in  service 
are  in  close  agreement  except   for  portland- 


cement  concrete  where  the  retirements  were 
somewhat  overestimated. 

Among  the  probable  reasons  for  the  differ- 
ences are  a  lagging  highway  program  and  the 
possible     tendency     to     underestimate     the 


i  In  Bulletin  125  of  the  Iowa  Engineering  Experiment 
Station,  Statistical  Analyses  of  Industrial  Property  Retire' 
merits,  by  Robley  Winfrey,  pp.  86-92,  the  probable  error  in 
determining  average  life  by  comparison  with  the  18  type 
survivor  curves  is  discussed.  In  this  connection  tests  were 
made  upon  the  reliability  of  the  average  life  estimates,  which 
indicate  two  significant  results:  ".  .  .  .  First,  the  average 
of  the  under-  and  over-estimates  of  probable  average  life 
balances  close  to  a  zero  error;  second,  the  average  negative 
error  and  the  average  positive  error  are  ahout  10  percent  at 
the  70  percent-surviving  level  and  about  15  percent  at  the 
80  percent-surviving  level.  For  certain  short  curves,  how- 
ever, individual  estimates  of  probable  average  lives  may  be 
greatly  in  error  when  compared  with  the  average  life  deter- 
mined from  the  completed  curve.  Such  large  errors  are 
caused  mainly  by  two  factors:  First,  often  the  few  data  in 
the  upper  10  to  30  percent  of  the  survivor  curves  are  insuf- 
ficient to  definitely  fix  the  curve  through  this  area  especially 
when  these  few  points  do  not  follow  a  smooth  path;  second, 
the  succeeding  data  frequently  depart  from  the  trend  estab- 
lished by  the  first  few  data." 


Table  7. — Percentage  retired  by  various  methods  for  all  surface  types  combined,  for  carious 

periods  ' 


Method  of  retirement 

Period 

1927 
and 
prior 

l'.es  3ii 

1931-33 

1934-36 

1937-39 

1940-42 

1943-45 

Total, 

1945 

and  prior 

Resurfaced 

Reconstructed 

Abandoned 

Transferred 

Total 

Percent 
65.2 
24.3 

1.1 

9.4 

Percent 

57.8 

30.7 

1.  1 

10.4 

Percent 

51.3 

34.5 

2.9 

11.3 

Percent 

60.4 

26.0 

2.8 

10.8 

Percent 
60.4 
27.5 

3  1 

9.0 

Percent 
52.4 
35.2 

2.7 

9.7 

Percent 
65.7 
26. 0 

1.1 

7.2 

Percent 
58.0 
29.8 

2.4 

9.8 

100.0 

100.0 

100.0 

1 i 

100.0 

111(1  ii 

100.0 

100.0 

Computed  from  data  submitted  by  13  States  for  rural  State  or  Federal-aid  primary  systems. 


Table   8. — Percentage  of  total   retirements   by   resurfacing 

periods  l 


for   various    types  for   various 


•The  data  for  Wisconsin  were  not  included  in  the  1941 
report. 

6  Idaho,  Indiana,  Kansas,  Maryland,  Missouri,  Montana, 
New  Mexico,  Oklahoma,  Texas,  I  tah,  West  Virginia,  and 
Wyoming. 
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Surface  type  retired 

Period 

1927  and 
prior 

1928-30 

1931-33 

1934-36 

1937-39 

1940-42 

1943-45 

Total, 

1945  and 
prior 

Soil  surfaced 

Percent 
83.5 
65.8 
63.2 
51.3 
68.8 
4.5 
59.5 
26.9 

Percent 
38.3 
58.8 
49.2 
52.4 
47.8 
32.2 
50.5 
14.5 

Percent 
51.3 
51.9 
52.2 
41.5 
30.7 
70.9 
54.9 
28.5 

Percent 
75.7 
66.7 
51.7 
33.4 
32.7 
38.5 
40.1 
18.8 

Percent 
82.3 
59.8 
64.8 
59.8 
46.7 
67.2 
38.5 
37.3 

Percent 
68.3 
56.3 
53.8 
39.9 
49.8 
56.8 
36.4 
55.1 

Percent 
54.6 
49.6 
64.4 
62.0 
82.2 
85.8 
73.6 
90.4 

Percent 
68.6 
58.8 
58.9 
51.3 
56.3 
65.9 
54.8 
53.3 

Gravel  or  stone  .     _ 

Bituminous  surface  treated... 
Mixed  bituminous 

Bituminous  penetration. . . 

Bituminous  concrete  - 

Portland-cement  concrete 

Brick  or  block 

Total 

65.2 

57.8 

51.3 

60.4 

60.4 

52.4 

65.7 

58.0 

Computed  from  data  submitted  by  13  States  for  rural  State  or  Federal-aid  primary  systems. 
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CLASSIFICATION  BY  RETIREMENT 
METHOD 

In  13  of  the  16  States  included  in  the  average 
life  analyses,  the  retired  mileages  for  various 
years  were  classified  in  accordance  with  the 
method  by  which  the  retirement  was  made. 
These  retired  mileages  are  listed  in  table  5. 

The  methods  of  retirement  into  which  these 
mileages  were  classified  are  (1)  resurfaced,  (2) 
reconstructed,  (3)  abandoned,  and  (4)  trans- 
ferred. Definitions  of  these  four  general 
methods  of  retirement  will  be  found  in  the 
appendix,  page  196. 

Reversion  in  type,  in  which  a  surface  reverts 
to  a  lower  type  through  lack  of  adequate 
maintenance,  also  represents  a  distinct  method 
of  retirement.  Retirements  of  this  nature 
were  so  few  that  they  did  not  warrant  consid- 
eration in  this  analysis. 

These  retirement  classifications  are  general 
in  character  and  should  be  so  interpreted. 
Resurfacing  is  an  especially  significant  method 
of  retirement  since  it  affords  an  approximate 
measure  of  the  relative  extent  to  which  the 
various  types  of  surfacing  construction  are 
salvaged  when  they  are  retired. 

In  table  6  are  shown  the  total  mileages  re- 
tired and  the  percentage  distribution  by 
methods  of  retirement.  For  each  surface 
type,  the  method  of  retirement  for  more  than 
half  of  all  retirements  has  been  by  resurfacing. 
The  over-all  relationships  shown  in  table  6 
have  been  fairly  consistent  throughout  the 
years,  as  is  evident  in  table  7. 

RESURFACING     INCREASED    IN    1943-45 

These  higher  percentages  of  resurfacing 
during  the  period  1943-45  are  due  in  large 
measure  to  the  curtailed  highway  program 
during  the  war  years.  Undoubtedly,  many 
miles  that  ordinarily  would  have  been  re- 
constructed were  given  a  resurfacing  treat- 
ment to  keep  them  in  operation  temporarily. 
Other  mileages  which  would  normally  have 
been  replaced  because  of  poor  location  were 
also  kept  in  service  until  they  could  be  rebuilt 
at  some  future  date.  Both  of  these  factors 
unquestionably  contributed  to  reducing  the 
amount  of  reconstruction  and  thereby  in- 
creased  the  relative  amount  of  resurfacing 
during  this  period. 

Table  8  shows  for  each  surface  type  the 
amounts  of  resurfacing  for  various  periods  of 
years.  It  is  most  interesting  to  note  that  the 
relative  amount  of  resurfacing  for  mixed 
bituminous  and  higher  type  surfaces  was  at 


Table  9. — Mileage  in  service  on  Jan.  I,  1916,  and  estimated  percentages  which  will  remain 

in  various  future  years  ' 


Surface  type 

In  service  on 
Jan.  1.  1946 

Remaining  in  service  on— 

Jan.  1,  1951 

Jan.  1,  19oi) 

Jan.  1,  1961 

Jan.  1,  1966 

Low ...  _. 

Miles 
14,044.2 
55,  71)0.  9 
49. 348.  9 

I'ercent 
31.2 
58  9 

80.1 

Percent 

6.5 

26  (i 

56.0 

Percent 

1.1 

8.3 

32.8 

Percent 
0.1 
2.0 
15.1 

Intermediate 

High 

Total  . 

119,190.0 

64.4 

36.1 

17.6 

7.2 

1  Based  on  analyses  of  data  submitted  by  16  States  for  rural  State  or  Federal-aid  primary  systems. 


its  greatest  value  during  the  period  1943-45. 
For  portland-cement  concrete  the  percentage 
during  this  period  was  double  that  of  the  pre- 
ceding 3  years. 

ANALYSIS  BY  MAJOR  TYPE  GROUPS 

Figures  1  and  2  show,  in  graphical  form, 
some  of  the  result*  of  the  analyses  presented 
in  the  preceding  pages.  For  purposes  of 
simplifying  these  charts,  the  eight  surface  types 
have  been  combined  into  three  major  groups — ■ 
low,  intermediate,  and  high — as  follows: 

Low  type:  Includes  soil-surfaced  and  gravel 
or  stone  roads. 

Intermediate  type:  Includes  bituminous  sur- 
face-treated and  mixed  bituminous  roads. 

High  type:  Includes  bituminous  penetra- 
tion, bituminous  concrete,  portland-cement 
concrete,  and  brick  or  block  roads. 

These  combinations  are  arbitrary  and  may 
be  criticized  in  certain  respects.  Some  of  the 
mixed  bituminous  roads,  for  example,  qualify 
as  high  type  since  they  are  placed  on  old 
rigid  bases  or  on  heavy  flexible  bases  of  con- 
siderable load-bearing  capacity.  On  the 
other  hand,  some  mileages  of  the  high  types 
are  in  the  intermediate-type  category.  How- 
ever, the  total  mileage  of  questionable  classi- 
fication is  small  and  considerable  effort  would 
be  required  to  insure  that  each  mile  was  pro- 
perly classified.  Accordingly,  no  adjustments 
in  this  respect  were  made  since  the  increase  in 
accuracy  obtained  would  not  be  sufficient  to 
justify  such  refinement. 

Estimates  of  service  lives  based  upon  actual 
retirement  experience  were  shown  in  table  2. 
In  order  to  prepare  figures  1  and  2  certain 
assumptions  of  average  lives  are  necessary  for 
the  recent  years.  In  general,  the  average 
lives  for  the  more  recent  years  were  assumed  to 
remain  about  the  same  or  increase  slightly 
(less  than  10  percent)  in  relation  to  the  esti- 
mates for  the  most  recent  years  shown  in  table 


Table  10. — Average  age,  life  expectancy,  and  probable  life  of  mileages  in  service  at  5-year 

intervals  1 


Date 

Low  types 

Intermediate  types 

High  types 

Age 

Expect- 
ancy 

Probable 
life 

Age 

Expect- 
ancy 

Probable 
life 

Age 

Expect- 
ancy 

Probable 
life 

Jan.  1, 
Jan.  1, 
Jan.  1, 
Jan.  1 
Jan.  1 
Jan.  1 

1921..       

Years 
4.2 
4.0 
5.3 
6.1 
7.9 
10.0 

Years 
8.6 
7.0 
5.3 
5.8 
6.7 
4.5 

Years 
12.8 
11.0 
10.6 
11.9 
14.6 
15.1 

Years 
1.9 
3.5 
2.7 
3.7 
5.2 
8.2 

Years 
19.9 
16.5 
11.1 
10.1 
10.1 
7.6 

Years 
21.8 
20.0 
13.8 
13.8 
15.3 
15.8 

Years 
2.6 
3.2 
4.9 
7.3 
10.4 
13.5 

Years 
20.2 
21.1 
20.4 
18.0 
14.9 
12.0 

Years 
22.8 
24.3 
25.3 
25.3 
25.3 
25.5 

1926 

1931 

1936... 

1941 .. 

1946 

■  Based  on  analyses  of  data  submitted  by  16  States  for  rural  State  or  Federal-aid  primary  systems. 
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2.  These  assumptions  will  no  doubt  vary 
somewhat  from  the  actual  future  experience, 
but  since  the  bulk  of  the  retirements  within 
the  next  few  years  will  come  from  the  older 
construction,  any  minor  differences  from  the 
assumed  average  lives  for  the  more  recent 
construction  will  not  have  any  major  effect 
upon  the  over-all  trends  which  are  shown. 

TRENDS  IN  SERVICE  LIFE 

Figure  1  shows,  for  each  5-year  construction 
period,  the  trend  of  mileages  of  low,  inter- 
mediate, and  high  types  in  service  up  to  Janu- 
ary 1,  1946,  for  the  16  States  included  in  this 
report,  and  the  rates  at  which  these  mileages 
will  go  out  of  service  in  the  future  based  upon 
their  probable  rates  of  retirement.  Table  9 
shows  the  total  mileages  in  service  on  January 
1,  1946,  and  the  probable  amounts  which  will 
still  remain  in  service  for  5,  10,  15,  and  20 
years  in  the  future. 

Table  2  showed  the  probable  average  lives 
for  various  construction-year  periods.  These 
average  lives  are  the  expectancies  at  the  time 
of  construction  or  at  age  zero.  As  the  road 
system  develops  and  becomes  older,  the 
average  age  of  the  surfaces  increases  and  the 
remaining  life  expectancy  becomes  less. 
Also,  as  the  system  becomes  older,  mileages 
of  earlier  retirements  are  taken  out  of  service, 
thus  leaving  in  service  those  mileages  whose 
lives  will  exceed  the  average  life  of  the  total 
original  construction. 

LIFE  EXPECTANCY 

The  probable  life  of  the  mileage  in  service 
is  equivalent  to  the  age  plus  the  expectancy. 
Under  certain  conditions  it  is  possible  for  the 
average  age  of  mileage  in  service  to  exceed 
the  average  lives  shown  in  table  2.  This  is 
true  for  low-type  surfaced  mileage,  from  which 
the  miles  in  service  have  gradually  been 
diminishing  since  1931  (see  fig.  1).  When 
these  low  types  have  been  retired,  the  re- 
placement types  have  been  intermediate  or 
high  types.  Thus,  there  has  not  been  suffi- 
cient construction  of  new  low  types  to  keep 
the  average  age  of  all  low  types  in  service  from 
increasing  year  to  year.  As  a  result,  the  low 
types  now  in  service  are  quite  old  and  have  a 
short  remaining  life  expectancy. 

In  table  10  are  shown  the  average  age, 
remaining  life  expectancy,  and  total  probable 
life  of  the  mileages  of  low,  intermediate,  and 
high  types  in  service,  at  5-year  intervals  from 
January  1,  1921,  to  January  1,  1946.  This 
information  is  also  presented  graphically  in 
figure  2,  and  shows  strikingly  the  trends  in  the 
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Figure  1. — Of  the  mileage  of 
primary  rural  highways  in 
service  in  1946: 


44  percent,  of  the  high-type 
surfaces  will  be  worn  out  by 
1956; 


74 percent  of  the  intermediate- 
type  surfaces  will  be  worn  out 
by  1956; 


94  percent  of  the  low-type  sur- 
faces will  be  worn  out  by  1956. 
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increasing  age  and  decreasing  expectancy  of 
the  mileages  in  service. 

LIFE  OF  INVESTMENT 

A  phase  of  the  road-life  work  to  which 
study  is  currently  being  given  is  the  life  of  the 
dollar  investment  expended  for  the  construc- 
tion of  highway  facilities.  This  work  is  now 
under  way  in  several  States  and  is  being 
conducted  in  such  fashion  that  a  continuous 
record  is  maintained  of  each  year's  construc- 
tion investment  and  the  amounts  by  which 
this  investment  is  reduced  at  the  time  of 
resurfacing,  reconstruction,  or  other  method 
of  retirement.  Investment  tabulations  have 
now  been  prepared  for  Missouri,  West 
Virginia,   and   Wisconsin. 

Because  of  salvage  at  the  time  of  retire- 
ment, the  life  of  investment  will  exceed  the 
service  life  of  the  surfaced  mileage  for  all 
surface  types.  Indications  are  that  the 
amount  will  vary  anywhere  from  a  few  per- 
cent for  some  types  having  a  low  salvage  at 
retirement  to  as  much  as  several  hundred 
percent  in  those  instances  involving  stage  con- 
struction or  where  there  is  extremely  high 
salvage.  During  the  period  1920-25,  for 
example,  approximately  $9,500,000  was  ex- 
pended for  the  construction  of  4,800  miles  of 
gravel  surfacing  on  the  primary  State  highway 
system  of  Wisconsin.  These  gravel  surfaces 
had  an  average  life  of  5.6  years,  but  the  life 
of  the  dollar  investment  was  8.6  years  or 
more  than  50  percent  greater  than  the  life 
of  the  gravel  as  a  surface.  Unfortunately, 
the  retirement  experience  to  date  has  not 
been  sufficient  to  warrant  presentation  in 
this  report  of  similar  estimates  of  the  average 
life  of  dollar  investment  for  all  years  and  for 
each  surface  type. 

It  is  possible,  however,  to  show  a  compari- 
son of  the  mileages  constructed  and  retired 
with  the  corresponding  investments  which 
entered  into  their  construction  and  which  had 
been  retired  by  January  1,  1941.  From  the 
comparison  shown  in  table  11,  it  is  apparent 
that  the  investment  in  various  types  is  being 
retired  at  a  slower  rate  than  the  mileage. 

Since  it  is  a  common  practice  to  apply 
bituminous  mats  to  existing  surfaces,  the 
construction  investments  shown  for  inter- 
mediate-type roads  do  not  reflect  the  total 
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Table    11. — Comparison    of    retirements    of    mileage    with    retirements    of    construction 

investment  i 


Figure  2. — Trends  in  av^erage  age,  expect- 
ancy, and  probable  life,  at  5-year  inter- 
vals; 1921-46. 


Surface  type  as  originally  constructed 

Total  construction 

Percentage  retired  up 
to  Jan.  1,  1941 

Mileage 

Investment 2 

Mileage 

Invest- 
ment 3 

Low___       ...     _ 

Intermediate 

High 

Miles 
21,  766 
29,  108 
12,  489 

Dollars 

53,  300,  776 

4  5B,  304,  360 

265,  681,  512 

Percent 
89 
68 
19 

Percent 
57 
26 
12 

1  Compiled  from  data  submitted  by  three  States  for  rural  State  primary  highways. 

2  These  are  actual  expenditures  for  construction.     No  adjustment  is  made  for  the  price  index. 

3  These  represent  total  losses  of  prior  construction  investments,  no  portion  of  which  is  used  or  usable  in  the  road  as  of 
January  1,  1941.    No  depreciation  is  included  in  these  percentages. 

4  In  the  construction  of  intermediate  type,  the  construction  dollars  shown  fall  into  two  main  categories: 

(a)  If  the  bituminous  mat  was  placed  over  an  existing  low-type  surface,  the  construction  dollar  investment  for  the  inter- 
mediate type  includes  only  the  cost  of  the  mat.  In  these  cases  there  tends  to  be  a  high  salvage  for  the  low  type  when  it  is 
retired. 

(b)  If  the  base  and  surface  mat  were  built  at  the  same  time  as  a  single  construction  operation,  the  construction  dollar 
investment  for  intermediate  type  includes  the  cost  for  both  the  mat  and  the  base. 


costs  for  a  complete  road  including  the  base. 
To  obtain  the  total  cost  for  this  type,  it  would 
be  necessary  to  take  into  account  the  salvage 
value  of  gravel  or  stone  and  other  type  roads 
which  may  be  utilized  as  a  base  for  the  inter- 
mediate-type road 

ROAD-LIFE  STUDIES  ESSENTIAL 

The  data  presented  in  this  report  relate 
only  to  road  surfaces.  The  road-life  studies 
also  embrace  research  in  construction  costs, 
maintenance  costs,  and  salvage  values  for  all 
elements   of  the   highway,   including   grading 
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management  of  the  highway  program  is  to 
provide  highway  facili  "ch  locations 

and  to  such  standards  that  they  can  absorb 
the  inevitable  and  continuing  changes  in 
traffic  requirements  with  the  least  effect  upon 


the  ability  of  the  highway  plant  to  provide 
maximum  service  at  minimum  cost.  The 
data  obtained  from  the  road-life  studies  are 
among  the  essential  facts  needed  to  reach  this 
objective. 


APPENDIX 


Surface  Type  Definitions 

Soil-surfaced  road. — A  road  of  natural  soil, 
the  surface  of  which  has  been  improved  to 
provide  more  adequate  traffic  service  by  the 
addition  of  (1)  a  course  of  mixed  soil  having 
A-l  or  A-2  characteristics,  such  as  sand-clay, 
soft  shale  or  topsoil,  or  (2)  an  admixture  such 
as  bituminous  material,  portland  cement, 
calcium  chloride,  sodium  chloride,  or  fine 
granular  material  (sand  or  similar  material). 

Gravel  or  stone  road. — A  road  the  surface  of 
which  consists  of  gravel,  broken  stone,  slag, 
chert,  caliche,  iron  ore,  shale,  chat,  disinte- 
grated rock  or  granite,  or  other  similar  frag- 
mental  material  (coarser  than  sand)  with  or 
without  sand-clay,  bituminous,  chemical,  or 
portland-cement  stabilizing  admixture  or  light 
penetrations  of  oil  or  chemical  to  serve  as  a 
dust  palliative. 

Bituminous  surface-treated  road. — An  earth 
road,  a  soil-surfaced  road,  or  a  gravel  or  stone 
road  to  which  has  been  added  by  any  process 
a  bituminous  surface  «course,  with  or  without 
a  seal  coat,  the  total  compacted  thickness  of 
which  is  less  than  1  inch.  Seal  coats  include 
those  known  as  chip  seals,  drag  seals,  plant- 
mix  seals,  and  rock-asphalt  seals. 

Mixed  bituminous  road. — A  road  the  surface 
course  of  which  is  1  inch  or  more  in  compacted 
thickness  composed  of  gravel,  stone,  sand,  or 
similar  material,  mixed  with  bituminous 
material  under  partial  control  as  to  grading 
and  proportions. 

Bituminous  penetration  road. — A  road  the 
surface  course  of  which  is  1  inch  or  more  in 
compacted  thickness  composed  of  gravel, 
stone,  sand,  or  similar  material  bound  with 
bituminous  material  introduced  by  downward 
or  upward  penetration. 

Bituminous  concrete,  sheet  asphalt,  or  rock- 
asphalt  road. — A  road  on  which  has  been 
constructed  a  surface  course  1  inch  or  more 
in  compacted  thickness  consisting  of  bitu- 
minous concrete  or  sheet  asphalt,  prepared  in 
accordance  with  precise  specifications  con- 
trolling  gradation,    proportions,    and   consist- 


ency of  composition,  or  of  rock  asphalt.  The 
surface  course  may  consist  of  combinations  of 
two  or  more  layers,  such  as  a  bottom  and  a  top 
course  or  a  binder  and  a  wearing  course. 

Portland-cement  concrete  road. — A  road  con- 
sisting of  portland-cement  concrete  with  or 
without  a  bituminous  wearing  surface  less 
than  1  inch  in  compacted  thickness. 

Brick  '  or  block  road. — A  road  consisting  of 
paving  brick,  stone  block,  wood  block,  asphalt 
block,  or  other  form  of  block,  with  or  without 
a  bituminous  wearing  surface  less  than  1  inch 
in  compacted  thickness. 

Methods  of  Retirement 

Resurfacing. — Roads  which  are  resurfaced 
or  used  as  a  base  for  the  replacement  type 
are  so  classified  when  the  old  surface  is  utilized 
more  or  less  intact  (with  the  exception  of 
necessary  scarifying,  reshaping,  or  partial  re- 
working of  the  surface)  in  the  new  construc- 
tion which  retires  the  old  surface.  Examples 
of  this  method  are  the  retirement  of  a  soil- 
surfaced  road  by  surface  treating,  or  the 
retirement  of  a  gravel  or  stone  road  by 
utilizing  it  as  a  base  or  foundation  for  a  mixed 
bituminous  road  or  a  bituminous  penetration 
road.  For  surfaces  which  are  retired  by  this 
method,  it  is  obvious  that  the  new  or  replace- 
ment construction  must  necessarily  be  along 
the  same  alinement  and  practically  the  same 
grade. 

Reconstruction. — When  surfaces  are  retired 
by  reconstruction,  there  is  little  or  no  salvage 
of  the  old  surface  and  base  into  the  new  type 
constructed.  This  classification  includes  old 
surfaces  and  bases  that  are  torn  up  and  not 
re-used.  Usually,  for  types  that  are  retired 
by  this  method,  the  replacement  type  is  built 
along  the  same  general  alinement  (generally 


1  Vitrified  paving-brick  roads  were  reported  by  the  States 
separately  from  other  types  of  brick  or  block  roads.  Because 
of  the  small  mileages  involved,  these  two  types  are  combined 
in  this  report.  Approximately  99  percent  of  the  construction 
of  these  two  types  included  in  the  report  is  vitrified  paving 
brick.  * 


within  the  limits  of  the  existing  right-of-way) 
involving  only  minor  improvements  in  hori- 
zontal curvature.  Substantial  improvements 
are  usually  made  with  respect  to  grades, 
however. 

Abandonment. — When  the  new  construction 
is  on  new  location,  the  old  road  is  classified  as 
abandoned  when  it  is  no  longer  maintained  or 
kept  in  service  at  public  expense.  The 
abandoned  road  may  revert  to  a  private 
road,  be  barricaded  to  public  travel,  or  torn 
up  and  removed.  Sometimes,  because  of 
changes  in  land  usage,  such  as  abandonment 
of  factories,  and  removal  or  construction  of 
railroad  facilities,  roads  may  be  abandoned 
without  involving  new  construction  that  may 
be  considered  as  replacing  the  mileage 
abandoned. 

Transfer. — A  retirement  by  transfer  is 
similar  to  an  abandonment  except  that  the 
old  road  is  continued  in  service  after  being 
dropped  from  the  State  or  Federal-aid  system 
by  being  maintained  and  resurfaced  or  recon- 
structed, when  necessary,  by  the  county  or 
other  authority  responsible  for  the  upkeep  of 
the  roads  not  on  the  State  or  Federal-aid 
system.  A  transfer  is  not  a  retirement  in  the 
sense  that  the  road  has  rendered  its  total 
service  to  the  public,  but  merely  that  it  has 
rendered  its  complete  service  as  a  primary 
State  or  Federal-aid  highway.  Retirements 
by  transfer  are  generally  the  result  of  func- 
tional obsolescence  involving  alinements  and 
grades  which  are  unsatisfactory  for  existing 
traffic  conditions.  A  new  road  is  built  on 
new  alinement  and  improved  grades,  and  the 
old  road  remains  in  service  usually  because 
of  the  necessity  of  providing  for  local  traffic 
usage.  After  the  new  road  is  placed  in 
service  on  the  State  or  Federal-aid  highway 
system,  the  State  will  no  longer  desire  to 
continue  responsibility  for  further  upkeep  of 
the  old  road,  and  the  county  or  other  local 
authority  generally  takes  over  this  responsi- 
bility. If  the  road  is  entirely  discontinued 
from  service  it  is  considered  an  abandonment. 
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Selection  of  Reference  Densities  for 
Bituminous  Pavement  Specifications 


BY  THE  DIVISION  OF  PHYSICAL  RESEARCH 
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Few  terms  in  asphalt  paving  technology  are  used  so  indiscriminately  and  are  so  liable 
to  misinterpretation  as  the  term  "density".  As  applied  to  compacted  bituminous 
mixtures,  it  is  used  to  denote  bulk  specific  gravity,  unit  weight,  and  degree  of  densencss 
or  volume  percentage  of  solids.  Similarly,  the  terms  "maximum  density"  and  ''''theo- 
retical maximum  density"  are  very  often  used  in  specifications  unaccompanied  by 
sufficient  definitive  language;  in  such  cases  they  are  open  to  misunderstanding  on  the 
part  of  job  engineers  and  contractors.  Selection  of  a  reasonable  relative  density  value 
to  designate  the  end-point  of  compaction  during  construction  is  likewise  dependent 
on  understanding  the  explicit  meaning  of  the  several  expressions. 

This  paper  discusses  three  different  concepts  of  the  expression,  ''maximum  density'* 
and  shows,  by  means  of  illustrative  data,  the  degree  to  which  reasonable  relative  density 
values  for  inclusion  in  a  specification  may  vary  with  the  respective  concepts. 


IN  writing  construction  specifications  for  the 
various  types  of  bituminous  roadway  sur- 
faces, particularly  those  involving  the  hot 
plant-prepared  mixtures,  a  relative  density 
value  is  often  used  to  delineate  an  end-point 
of  compaction  by  the  roller  equipment.  As 
usually  written,  such  specifications  require 
that  rolling  be  continued  until  the  bituminous 
surface  has  attained  a  specified  percentage  of 
a  variously  described  maximum  density. 
Sometimes  the  reference  density  is  designated 
as  that  of  a  specimen,  composed  of  the  same 
mixture  as  used  in  the  roadway,  compacted  in 
the  laboratory.  More  often,  however,  the 
reference  density  is  described  merely  as  a 
"maximum  density,"  or  as  a  "theoretical 
maximum  density." 

The  terms  "maximum  density"  and  "theo- 
retical maximum  density"  are  sometimes  used 
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synonymously.  To  many,  however,  the  terms 
are  considered  as  having  quite  different  con- 
notations. A  "theoretical  maximum  density" 
is  generally  understood  to  be  the  calculated 
specific  gravity  of  a  voidless  mass  composed 
of  bitumen  and  aggregate  in  the  same  relative 
proportions  as  used  in  the  designed  pavement 
mixture.  By  way  of  differentiation,  the  term 
"maximum  density"  is  often  used  in  referring 
to  the  observed  specific  gravity  value  of  a 
laboratory-compacted  specimen  of  the  mix- 
ture, or  a  calculated  specific  gravity  value 
based  on  the  unit  weight  of  the  aggregate 
only,  as  determined  by  vibratory  compaction 
in  the  laboratory.  The  numerical  value  ob- 
tained by  any  of  these  methods  may  be  con- 
sidered as  being  a  "maximum  density." 
When  the  value  is  derived  (1),  by  calculating 
the  specific  gravity  of  an  imaginary  mass  or 


Reported  by  H.   M.   REX, 
Materials  Engineer 


(2),  by  using  the  unit  weight  of  vibrated 
aggregate  as  the  basis  for  computation,  such  a 
value  could  also  come  within  the  meaning  of  a 
"theoretical  maximum  density." 

Which  of  the  methods  is  employed  in 
arriving  at  a  reference  specific  gravity  is 
less  important  than  that  the  reference  specific 
gravity  be  adequately  identified  in  the  speci- 
fications, and  that  the  percentage  of  this 
reference  specific  gravity,  or  the  relative 
density,  to  be  required  in  the  compacting 
process  during  construction  be  selected  from 
a  realistic  viewpoint. 

In  most  cases  the  use  of  a  specific  gra\it\ 
value  of  laboratory-compacted  specimens  of 
the  mixture  as  the  reference  maximum  density 
will  be  found  to  be  most  satisfactory  from  a 
practical  viewpoint.  This  procedure  will,  of 
course,  entail  a  certain  amount  of  work  in 
ascertaining  the  compactive  effort  required 
with  the  use  of  laboratory  equipment  to  pro- 
duce the  highest  density  for  a  given  mixture 
without  causing,  at  the  same  time,  excessive 
crushing  of  the  aggregate  partieh  - 

In  laboratories  equipped  with  suitable, 
vibratory  compaction  equipment,1  an  equally 


1  A  new  vibratory  machine  for  determining  the  com  pact  Utility 
of  aggregates,  by  J.  T.  Pauls  and  J.  F.  Gopd$,  PijBI-iC  if' 
vol.  20,  No.  3,  May  1939. 
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Method  of  cutting  cores  for  laboratory  testing. 


satisfactory  method  consists  in  consolidating 
to  maximum  density  the  uncoated  aggregate 
only,  and  using  the  unit  weight  so  obtained, 
with  the  specific  gravity  of  the  aggregate, 
in  computing  the  reference  maximum  density 
value.  The  manner  in  which  each  of  these 
laboratory  procedures  is  used  to  develop  a 
reference  maximum  density  value  will  be 
fully  explained  later  in  this  discussion. 

RELATIVE  DENSITY  REQUIREMENT 
SHOULD  BE  PRACTICAL 

When  the  calculated  specific  gravity  of  a 
theoretical  voidless  mass  is  used  as  the  refer- 
ence point  for  specification  purposes,  the 
relative  density  required  for  satisfactory 
•compaction  during-  construction  should  be 
selected  with  the  greatest  attention  to  practi- 
cal considerations.  If  this  is  not  done  the 
limit  may  be  so  high  as  to  produce  some  very 
undesirable  effects  in  the  pavement  structure 
-or,  indeed,  as  to  be  impossible  of  attainment. 
For  example,  assume  that  an  aggregate 
intended  for  use  in  bituminous  concrete  con- 
tains, in  its  densest  possible  arrangement  of 
particles,  22  percent  of  voids,  and  that  the 
optimum  bitumen  content  appears  to  be  14 
percent  by  volume.  Assume  also  that  the 
minimum  relative  density  of  the  pavement, 
as  compacted  during  construction,  is  stated 
by  the  specifications  to  be  95  percent  of  the 
•specific  gravity  of  a  voidless  mass.  Mani- 
festly this  relative  density  could  only  be  ob- 
-tained,  if  it  could  be  obtained  at  all,  by  crush- 
ing the  aggregate  to  a  distinctly  undesirable 
degree. 

Excellent  illustrative  information  relating  to 
this  subject  of  density  is  provided  by  some 
incidental  data  collected  in  connection  with  a 
laboratory  and  Held  study  of  the  alterations 
in   a   sheet -asphalt   pavement   resulting   from 


age.  This  study  was  undertaken  coopera- 
tively by  the  District  of  Columbia  Depart- 
ment of  Highways  and  the  Bureau  of  Public 
Roads,  and  was  initiated  in  1935-36.  In 
all,  10  test  sections  of  sheet-asphalt  pave- 
ment were  constructed  on  Connecticut  Avenue 
in  Washington,  D.  C,  one  of  the  city's 
most  heavily  traveled  streets.  The  test 
sections  were  characterized  by  a  number  of 
mixture  design  variables.  Compaction  was 
not  included  as  a  variable,  hence  the  construc- 
tion procedures  followed  in  all  the  sections 
were  the  same  as  those  followed  in  usual 
sheet-asphalt  contract  work  in  that  city. 
Cores,  2  inches  in  diameter,  were  cut  from 
each  of  the  sections  shortly  after  construc- 
tion and  periodically  thereafter  over  a  10-year 
period.  Eighteen  cores  were  cut  from  each 
section  at  each  sampling.  These  cores  were 
tested  in  the  laboratory  in  a  number  of  ways, 


the  specific  gravities  of  the  top  inch  of  each 
core  being  included  in  the  test  results.  The 
illustrative  values  given  in  this  discussion 
consist  of  the  average  of  each  set  of  18  speci- 
mens cut  from  the  10  sections. 

The  design  compositions,  by  weight,  of  the 
mixtures  used  in  the  10  sections  are  given  in 
the  first  part  of  table  1,  together  with  the 
specific  gravities  of  the  asphalts.  The  appar- 
ent specific  gravity  of  the  combined  mineral 
aggregate  showed  little  variation  within  the 
range  of  weight  proportions  of  sand  and  filler 
used.  Many  tests  established  a  value  of 
2.674  for  these  combined  materials. 

COMPUTATION  OF  VOLUMETRIC 
COMPOSITION 

Blends  of  sand  and  filler  used  in  the  mix- 
tures were  tested  in  the  laboratory  for  vibra- 
tory density,  and  the  unit  weights  of  the  vi- 
brated aggregate  are  shown  in  the  fifth  column 
of  table  1.  Using  these  unit  weights,  together 
with  the  weight  proportions  and  specific 
gravities  of  the  asphalts,  it  is  possible  to 
calculate  the  volumetric  composition,  includ- 
ing air  voids,  of  the  mixtures  theoretically 
compacted  to  their  densest  condition.  These 
values  are  shown  in  the  central  part  of  table  1. 

The  following  example  will  serve  to  illus- 
trate the  method  used  in  computing  these 
values.  The  unit  weight  of  the  aggregate 
used  in  section  No.  1  was  found,  by  vibratory 
test,  to  be  1.89  grams  per  cubic  centimeter,  or 
189  grams  per  100  cubic  centimeters.  The 
volume  of  the  aggregate,  since  its  specific 
gravity  is  2.674,  will  be  189—2.674  =  70.7 
cubic  centimeters.  The  proportions  by  weight 
of  aggregate  and  asphalt  in  this  sectioii  were 
89  and  11  percent,  respectively,  hence  the 
total  weight  of  100  cubic  centimeters  of  such 
a  mixture  would  be  189-^0.89  =  212  grams. 
Subtracting  189  from  212  grams,  the  weight 
of  asphalt  is  23  grams.  As  shown  in  the 
column  of  specific  gravities  in  table  1,  the 
weight  of  a  cubic  centimeter  of  asphalt  is 
1.030  grams,  hence  the  volume  of  asphalt 
occupied  in  100  cubic  centimeters  of  this 
mixture  is  23^-1.030  =  22.3  cubic  centimeters. 
Thus,  in  a  volume  of  100  cubic  centimeters  of 
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1.89 
1.90 
1.91 
1.87 

Per- 
a  rd. 
22.3 
23.2 
22.  4 
21.3 
22.4 
22.4 
21.4 
21.5 
23.5 
21.5 

Per- 
cent 
70.7 
71.4 
70.7 
69.6 
70.7 
71.0 
70.7 
71.0 
71.4 
69.9 

Per- 
cent 
7.0 
5.4 
6.9 
9.1 
6.9 
6.6 
7.9 
7.5 
5.1 
8.6 

Om. 

percm? 
2.  12 
2.  15 
2.11 
2.08 
2.12 
2.13 
2.10 
2.09 
2.10 
2  11 

Gm. 
percm.3 
2.275 
2.276 
2.  273 
2.291 
2.274 
2.273 
2.290 
2.287 
2.  270 
2.286 

Per- 
cent 
22.6 
22.9 
22.6 
21.2 
22.7 
22.8 
21.4 
21.4 
22.6 
21.7 

Per- 
cent 
70.5 
71.5 
70.2 
69.6 
70.6 
70.9 
70.3 
70.0 
69.9 
70.6 

Per- 
cent 
6.9 
5.6 
7.2 
9.2 
6.7 
6.3 
8.3 
8.6 
7.5 
7.7 

2 

3 

4 

5 

6 

8... 

9 

10 

1  The  specific  gravity  of  the  aggregate,  in  all  mixes,  was  2.674. 

2  Compaction  using  load  of  3,001)  pounds  per  square  inch. 

3  Calculated. 
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this  mixture,  assuming  the  aggregate  to  be 
compacted  to  the  density  indicated  in  the 
vibratory  test,  there  are,  theoretically,  70.7 
cubic  centimeters  of  aggregate  solids  and  22.3 
cubic  centimeters  of  asphalt.  There  will  be, 
then,  100- (70.7  +  22.3)  =7.0  cubic  centi- 
meters of  air  voids.  Similar  computations 
for  the  other  nine  sections  indicate  minimum 
air  void  contents  ranging  from  5.1  to  9.1 
percent.  In  other  words,  the  maximum 
relative  densities  of  the  sections,  according 
to  this  type  of  concept,  range  from  90.9  to 
94.9  percent  of  corresponding  theoretical 
densities  of  a  voidless  mass. 

Where  equipment  to  make  the  vibratory 
test  on  the  aggregate  itself  is  not  available,  it 
is  possible  to  use  another  method  of  arriving 
at  a  reasonable  maximum  density  reference 
value.  Cylindrical  specimens  of  the  mixture 
may  be  molded  in  the  laboratory,  using  the 
same  proportions  of  aggregate  and  asphalt 
as  are  to  be  used  in  actual  construction.  As  a 
general  rule,  a  static  pressure  of  3,000  pounds 
per  square  inch  has  been  found  to  be  a  satis- 
factory molding  load.  Experimentation  will 
indicate  if  deviation  from  this  pressure  is 
required  for  the  particular  materials  that  are 
to  be  used. 

The  application  of  this  method  in  calculating 
maximum  densities  for  the  mixtures  of  the 
sheet-asphalt  test  sections  is  illustrated  by  the 
results  shown  in  the  last  part  of  table  1.  In 
this  case  cylinders,  2  inches  in  diameter  and 
1  inch  in  height,  of  each  of  the  10  design  mix- 
tures were  molded  while  hot  in  the  laboratory, 
using  a  pressure  of  3,000  pounds  per  square 
inch.  Specific  gravity  tests  on  the  molded 
specimens  established  the  unit  weights  for  the 
10  mixtures  shown  in  the  table. 

The  other  values  were  computed  as  follows: 


Ut  = 


A„  = 


100 

WW, 

G+Gt 

UWi 


£J=100-(^„+C!,)  =  100- 


100/ 

u. 


Sawing  top  inch  of  sheet -asphalt  cores  for  density  determination. 


Where: 


£/„  =  unit  weight  of  a  voidless  mass  (theo- 
retical maximum  density),  gm.  per 
cm3. 

IF= percentage  of  asphalt,  by  weight. 

W\  =  percentage  of  combined  filler  and 
sand,  by  weight. 

(?  =  specific  gravity  of  asphalt. 

G\  =  apparent  specific  gravity  of  com- 
bined filler  and  sand. 

A  v  =  percentage  of  aggregate,  by  volume, 
in  the  compacted  mixture. 

U=  unit  weight  (bulk  specific  gravity) 
of  the  compacted  mixture,  gm.  per 
cm3. 

Cv  =  percentage  of  asphalt,  by  volume,  in 
the  compacted  mixture. 

E=  percentage  of  air  voids. 

The  highest  possible  densities  for  the  10 
mixtures  calculated  by  this  method  were 
found  to  range  from  90.8  to  94.4  percent  of 
voidless  mass  specific  gravities.  Although 
these    values    are    slightly    lower    than    those 


Table  2. — Densities  of  pavement  samples  cored  at  time  of  construction  and  10  years  later 
compared  with  maximum  specific  gravities  calculated  by  different  tnethods 


Mix  No. 

Maximum  specific 
gravities 

Relative  densities  of  actual  pavement  samp] 

es 

Based  on 

Villi, 'll.M  \ 

test 
results 

Based  on 
labora- 
tory com- 
pacted 
speci- 
mens 

Based  on 
assump- 
tion of 
voidless 
mass 

Vibrated  aggregate 
basis 

Compacted  mix 
basis 

Voi  I  loss  mass  basis 

Original 

After  10 
years 

Original 

After  10 
years 

Original 

After  10 
years 

1    _. 

2.12 
2.15 
2.12 
2.08 
2.12 
2.13 
2.11 
2.12 
2.15 
2.09 

2.12 
2.15 
2.11 
2.08 
2.12 
2.13 
2.10 
2.09 
2.10 
2.11 

2.275 
2.276 
2.  273 
2.291 
2.274 
2.  273 
2.290 
2.287 
2.  270 
2.286 

Percent 
97.2 
94.0 
97.6 
97.1 
93.4 
96.2 
96.2 
95.3 
95.8 
95.7 
95.8 

Percent 
100.0 
99.5 
98.6 
99.5 
100.0 
100.0 
99.0 
99.0 
99.1 
100.5 
99.5 

Percent 
97.2 
94.0 
98.1 
97.1 
93.4 
96.2 
96.7 
96.6 
98.1 
94.8 
96.2 

Percent 
100.0 
99.5 
99.0 
99.5 
100.0 
100.0 
99.5 
100.5 
101.4 
99.5 
99.9 

Percent. 
90.5 
88.8 
91.1 
88.2 
87.1 
90.2 
88.6 
88.3 
90.7 
87.5 
89.1 

Percent 
93.2 
94.0 
91.9 
90.  4 
93.2 
93.7 
91.3 
91.8 
93.8 
91.9 
92.5 

2                       

S                           

4                        

5                      

6 

7                  __ 

8                    

9 

10 -- 

Average ..  ...  - 

calculated  on  the  basis  of  vibrated  aggregate 
densities,  the  differences  are  small. 

RELATION  OF  UNIT  WEIGHTS  TO 
RELATIVE  DENSITIES 

In  table  2  are  shown  the  values  for  theoreti- 
cal maximum  specific  gravities  or  unit  weights 
as  computed  on  the  three  different  bases,  to- 
gether with  the  relative  densities  of  the  top 
portions  of  cores  from  the  pavement  sections 
as  sampled  just  after  construction  and  again 
after  10  years  of  service.  Only  the  section 
composed  of  mixture  No.  2  attained  a  relative 
density  of  as  high  as  94  percent  of  a  theoretical 
voidless  mass,  and  that  only  after  10  years  of 
service.  On  such  a  basis,  all  sections  would 
have  failed  to  pass  specifications  requiring  a 
minimum  relative  density  of  94  percent  at  the 
time  of  construction.  It  is  likely  that  at- 
tempted enforcement  of  such  requirements 
would  have  resulted  in  crushing  of  the  aggre- 
gate particles  or  laminating  and  tearing  of  the 
pavement  surface  under  the  roller. 

By  contrast,  all  but  one  of  the  sections 
would  have  passed  such  a  relative  density 
requirement,  if  the  maximum  reference  den- 
sity were  based  on  either  compacted  mixture 
specimens  or  aggregate  compacted  by  vibra- 
tion. Also,  since  maximum  densities  calcu- 
lated on  these  two  latter  bases  agree  so  closely 
with  the  observed  ultimate  densities  of  sam- 
ples from  the  pavement,  it  would  appear  that 
specification  requirements  written  around  such 
maximum  densities  would  be  both  logical  and 
realistic. 

Before  stipulating  field  compaction  density 
requirements,  therefore,  the  specification 
writer  should  first  of  all  decide  upon  a  base  or 
reference  value  with  which  the  density  of  field 
samples  taken  during  construction  is  to  be 
compared.  As  has  been  stated  above,  either 
of  the  terms  "maximum  density"  or  "maxi- 
mum theoretical  density"  may  be  used  to 
denote  the  reference  value.     The  value  itself 
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may  consist  of  (1)  the  calculated  specific  grav- 
ity of  a  theoretical  voidless  mass,  (2)  the 
observed  specific  gravity  of  a  test  specimen  of 
the  mixture  compacted  in  the  laboratory,  or 
(3)  a  calculated  specific  gravity  based  on  the 
unit  weight  of  uncoated  aggregate  consolidated 
by  vibration.  In  any  case,  the  language  used 
in  the  specifications  should  be  explicit;  as,  for 
example,  "samples  taken  from  the  pavement 
after  compaction  shall  have  a  specific  gravity 


not  less  than  ..  percent  of  the  maximum  den- 
sity that  has  been  determined  for  laboratory- 
compacted  specimens  of  the  mixture.' 

Selection  of  a  minimum  relative  density 
value  will  depend  upon  the  nature  of  the 
reference  maximum  density.  In  general, 
relative  densities  ranging  from  95  to  98  per- 
cent of  the  maximum  densities  may  be  used  if 
the  latter  are  calculated  on  the  basis  of  either 
laboratory-compacted  mixtures  or  unit  weights 


of  aggregate  vibrated  in  the  laboratory. 
Considerably  lower  relative  density  values 
may  be  required  if  the  calculated  specific 
gravity  of  a  theoretical  voidless  mass  of  the 
mixture  is  used  as  the  reference  maximum 
density.  This  will  be  particularly  true  in  the 
case  of  surfaces  composed  of  fine-grain  mix- 
tures, in  some  of  which,  as  has  been  shown,  it 
is  possible  to  find  air-void  contents  as  high  as 
10  percent  even  after  10  years  of  service. 


density,  and  moisture  to  a  considerable  depth 
is  certain  to  exhibit  area  effects  which  differ 
from  those  found  where  such  uniformity 
does  not  exist. 

In  the  investigation  being  reported  a  special 
effort,  is  being  made  to  develop  data  on  tin- 
question  by  testing  the  5-foot  embankment 
of  uniform  A-6  soil  with  load  areas  ranging 
in  size  from  1  to  7  feet  in  diameter.  In  addi- 
tion to  steel  plates  of  12,  18,  24,  and  30 
inches  in  diameter,  concrete  disks  42,  60, 
and  84  inches  in  diameter,  as  shown  in  figure 
1,  are  being  used  as  bearing  surfaces.  In 
these  tests  the  incremental  repetitional  pro- 
cedure is  being  employed. 


(Continued  limn  page  188) 

In  addition  to  the  load-bearing  tests  there  is 
under  way  a  comprehensive  study  of  temper- 
ature conditions  in  the  pavement  and  sub- 
grade.  Sixteen  thermocouples  have  been 
installed  at  selected  locations  and  depths  so 
that  temperature  gradients  can  be  obtained  in 
each  pavement  test  section  and  in  the  sub- 
grade  beneath,  to  a  maximum  depth  of  3  feet 
from  the  surface  of  the  pavement.  These 
temperatures  are  recorded  at  1-minute  inter- 
vals by  an  automatic  instrument  to  an 
accuracy  of  ±0.6°  F.  A  view  of  the  recorder 
is  shown  in  figure  8.  The  locations  of  the 
thermocouples  in  the  various  pavement  sec- 
tions are  shown  in  figure  2. 


SUMMARY 

As  stated  in  the  introduction,  this  report  is 
presented  primarily  for  the  purpose  of  describ- 
ing some  innovations  in  plate-load  testing 
techniques  and  testing  equipment.  The  need 
for  a  rapid  method  of  testing,  a  method  which 
will  permit  the  conduct  of  a  number  of  tests 
in  a  relatively  short  period  of  time,  has  long 
been  apparent.  The  method  described,  which 
gives,  in  addition  to  complete  load-deflection 
relations,  information  pertaining  to  the 
behavior  of  the  components  of  a  flexible  pave- 
ment structure,  may  serve  partially  to  fulfill 
this  need. 


Highway  Needs  of  the  National  Defense,  a  New  Publication 


Highway  Needs  of  the  National  Defense,  a 
report  compiled  by  the  Bureau  of  Public  Roads 
in  compliance  with  section  2  of  the  Federal-aid 
Highway  Act  of  1948,  which  directed  the 
Commissioner  of  Public  Roads  to  cooperate 
with  the  State  highway  departments  in  making 
a  detailed  study  of  the  status  of  improvement 
and  principal  deficiencies  of  the  National 
System  of  Interstate  Highways,  is  being 
published  as  House  Document  249,  Eighty- 
first  Congress,  and  will  soon  be  available  from 
the  Superintendent  of  Documents,  U.  S.  Gov- 
ernment Printing  Office,  Washington  25,  D.  ( '. 
The  report  is  based  on  detailed  data  suit- 
plied  by  the  State  highway  departments  and 
embodies  suggestions  and  recommendations 
of  the  Secretary  of  Defense. 

The  40,000-mile  interstate  system  is  the 
trunk-line  highway  system  of  the  United 
States,  connecting  most  of  the  large  cities  of 
the  country  and  serving  the  principal  indus- 
trial centers.  Including  only  1  percent  of  the 
Nation's  total  road  mileage,  the  system's  rural 
sections  serve  20  percent  of  the  total  traffic 
carried  by  all  rural  roads.  Its  urban  sections, 
as  thus  far  designated,  serve  more  than    10 


percent  of  the  traffic  moving  on  citj  streets. 
These  main  highways  carry  the  bulk  of  the 
Nation's  traffic  and  should  be  among  the  first 
considered  for  improvement.  Large  portions 
of  the  system  are  seriously  obsolescent  and 
are  not  suitable  for  the  great  number  of 
vehicles  attempting  to  use  them. 

The  estimated  cost  of  proposed  improve- 
ments to  correct  existing  deficiencies  and  to 
adapt  the  system  to  the  needs  of  its  presenl 
traffic  is  $11,266,000,000,  based  on  1948  con- 
struction costs.  Of  this  sum,  $5,293,000,000 
would  be  expended  on  sections  of  the  system 
in  urban  areas,  and  $5,973,000,000  would  be 
assigned  to  projects  on  rural  sections.  As 
improvements  are  undertaken,  the  report 
recommends,  ample  provision  should  bg  made 
for  the  increased  traffic  volumes  anticipated 
over  a  20-year  period.  In  this  period,  im- 
provement must  be  undertaken  on  every 
mile  of  the  system,  requiring  a  capital  invest- 
ment of  more  than  $500,000,000  a  year 
Completion  of  improvements  on  the  system 
in  a  period  far  shorter  than  20  years  would 
result  in  much  greater  benefits. 

The  report  advises  the  Congress  to  consider 


authorization  of  Federal  appropriations  ear- 
marked for  expenditure  on  the  interstate 
system,  apportioned  among  the  States  so  as 
to  permit  substantially  equal  progress  in 
correcting  deficiencies  in  all  States.  In  view 
of  the  interstate  interest  attaching  to  the 
system,  the  report  recommends  Federal 
participation  in  a  ratio  greater  than  the 
normal  50  percent  of  the  cost.  Federal 
authorizations  for  the  Federal-aid  primary, 
urban,  and  secondary  systems  should  con- 
tinue at  rates  not  less  than  those  established 
in  the  Federal-aid  Highway  Act  of  1948, 
the  report  recommends;  and  the  proposed 
authorizations  for  the  interstate  system 
should  be  in  addition  to  these. 

The  report  recommends  that  future  highway 
legislation  should  provide  for  national  emer- 
gencies in  war  or  peace  by  authorizing  diver- 
sion of  highway  appropriations  to  other 
purposes  in  time  of  need,  such  as  construction 
of  wartime-needed  access  roads  and  the  emer- 
gency repair  of  roads  damaged  by  floods  and 
other  major  disasters.  Road-building  mate- 
rials should  be  stock-piled  as  a  precaution 
against  possible  need  in  the  event  of  war. 
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Highway  Capacity: 

Practical  Applications  of  Research 


BY  THE  COMMITTEE  ON  HIGHWAY  CAPACITY 
DEPARTMENT  OF  TRAFFIC  AND  OPERATIONS 
HIGHWAY  RESEARCH  BOARD 


Reported  by 
O.  K.  NORMANN,  Chairman, 

Chief,  Section  of  Traffic  Operations, 

Highway  Transport  Research  Branch, 

Bureau  of  Public  Roads 

and  W.  P.  WALKER,  Secretary, 

Highway  Engineer, 

Highway  Transport  Research  Branch, 

Bureau  of  Public  Roads 


Because  a  large  part  of  the  basic 
research  and  analysis  upon  which  this 
study  is  founded  was  conducted  by 
the  Bureau  of  Public  Roads,  the  High- 
way Research  Board  considers  it 
fitting  that  the  report  be  published  by 
the  Bureau  of  Public  Roads.  Much  of 
the  basic  research  has,  indeed,  already 
been  published  in  PUBLIC  ROADS 
magazine.  But  the  cooperative  ef- 
forts of  the  Bureau  of  Public  Roads, 
the  Highway  Research  Board  Com- 
mittee on  Highway  Capacity,  and  a 
large  number  of  State,  county,  and 
city  highway  and  traffic  engineers 
have  resulted  in  the  amassment,  from 
the  length  and  breadth  of  the  country, 
of  a  far  greater  assemblage  of  field 
observations  than  would  have  been 
possible  under  the  aegis  of  a  single 
organization.  Without  such  a  body 
of  basic  information,  this  report 
would  have  lacked  the  authority  it 
holds.  The  text  is  largely  the  work  of 
O.  K.  Normann  and  W.  P.  Walker,  of 
the  Bureau  of  Public  Roads.  The 
Committee  members  contributed  val- 
uable assistance,  both  in  the  review  of 
fundamental  concepts  and  in  the 
preparation  of  text  and  illustrations. 


A  rational  and  practical  method  for  the  determination  of  highway  capacity  is 
essential  in  the  sound  economic  and  functional  design  of  new  highways  and  in  the 
adaptation  to  present  or  future  needs  of  the  many  existing  roads  and  streets  which 
must  continue  in  use  for  extended  periods  of  time.  Basically,  the  subject  concerns  the 
effectiveness  of  various  facilities  in  the  service  of  traffic,  and  involves  the  many  elements 
of  highway  design,  vehicle  and  driver  performance,  and  traffic  control. 

Highway  capacity  has  been  the  subject  of  continuing  study  over  a  long  period  of 
years,  and  the  literature  in  this  field  is  extensive.  Practically  all  consideration  of  the 
subject  in  the  past,  however,  has  been  handicapped  by  insufficient  breadth  of  scope 
and  by  lack  of  any  considerable  volume  of  accurate  data. 

The  cooperative  efforts  of  the  Bureau  of  Public  Roads,  the  Highway  Research  Board 
Committee  on  Highway  Capacity,  and  many  State,  county,  and  city  engineers,  inten- 
sively applied  in  many  places  and  for  a  number  of  years,  have  resulted  in  a  great  mass  of 
field  observations.  Complicated  and  ingenious  instruments  have  made  feasible  the 
collection  of  data  in  larger  volume  and  greater  accuracy  than  was  heretofore  possible, 
and  have  permitted  the  mechanical  recording  of  information  that  coidd  not  otherwise 
be  obtained  at  all. 

The  study  has  encompassed  not  only  the  capacities  of  rural  highways  with  unin- 
terrupted flow,  which  have  been  fairly  well  established  in  previous  publications,  but  has 
undertaken  to  determine  the  capacities  of  intersections  at  grade,  weaving  sections, 
grade  separations,  and  ramps,  and  the  relation  of  hourly  to  annual  average  traffic 
volumes.  Such  information  has  never  before  been  available  in  comprehensive  form, 
particularly  for  urban  facilities. 

With  such  a  broad  base  of  fundamental  data,  and  with  such  painstaking  analysis 
of  them,  this  study  will  undoubtedly  be  recognized  as  one  of  the  most  thorough  in  high- 
way research  history. 

From  this  vast  grist  of  basic  facts,  so  minutely  sifted  and  examined,  far  more  than 
a  work  report  has  been  produced.  This  document  is  truly  a  practical  guide  by  which 
the  engineer,  having  determined  the  essential  facts,  can  design  a  new  highway  or 
revamp  an  old  one  with  assurance  that  the  resulting  actual  capacity  will  be  as  calculated. 
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Introduction 


HIGHWAY  CAPACITY  has  been  the  sub- 
u]  and  painstaking  study  for 
more  than  three  decades.  Many  able  re- 
search men  have  made  valuable  contributions 
to  the  subject,  which  has  increased  in  im- 
portance from  year  to  year  at  a  rate  that  prob- 
ably ]  arallels  the  rapid  increases  in  traffic  vol- 
ume- and  congestion  on  our  streets  and  high- 
ways. The  comparatively  recent  general  ac- 
ceptance of  the  importance  of  highway  trans- 
portation in  our  national  economy,  and  espe- 
cially of  adequate  transportation  facilities  in 
our  cities,  where  heavy  traffic  volumes  require 
the  construction  of  costly  roadways,  has 
greatly  increased  the  need  for  reliable  street 
and  highway  capacity  information. 

The  primary  reason  for  constructing  streets 
and  highways  is  to  serve  traffic,  whether  the 
traffic  is  local  and  originates  along  the  par- 
ticular street  or  highway,  or  whether  its  origins 
and  destinations  are  in  other  areas.  Basically, 
a  study  of  highway  capacity  is  a  study  of  the 
effectiveness  of  the  various  facilities  in  serving 
traffic  and  involves  the  many  elements  of  street 
and  highway  design,  vehicle  and  driver  per- 
formance characteristics,  and  traffic  control 
measures  which  directly  influence  the  move- 
ment of  vehicles. 

To  be  of  value  in  the  sound  economic  and 
functional  design  of  new  roadways,  or  in 
adapting  to  present  or  future  demands  many 
of  the  existing  roadways  which  must  continue 
in  use  for  long  periods  into  the  future,  the 
capacity  criteria  must  include  measures  of 
such  factors  as  speed  and  the  relative  inter- 
ference between  vehicles  in  addition  to  the 
number  of  vehicles  that  can  pass  a  point  on 
a  given  roadway  in  a  specified  period  of  time. 
It  is  of  little  value  to  know  the  quantitative 
measure  without  knowing  the  quality  of 
service  provided. 

Previous  Studies 

The  need  for  an  authoritative  presentation 
of  facts  concerning  roadway  capacity  is  illus- 
trated in  figure  1  and  table  1,  which  show  the 
capacity  of  a  single  traffic  lane  as  published 
in  a  number  of  articles.  Each  source  is  simi- 
larly identified  in  both  trie  figure  and  the 
fable. 

Nearly  all  of  the  curves  or  equations  were 
calculated  from  the  formula: 


«.280F 


S 


Where  ('-  capacity  of  a  single  lane,   in   cars 
per  hour. 

.  in  miles  per  hour. 
S—is  tance  in  feet  from  center 

to  l 

Tn  some  ci  en  vehicles 

at  various  speeds  was  :  to  be  a  linear 
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function  of  the  speed,  while  in  others  the 
spacing  was  assumed  to  be  a  function  of  the 
square  or  some  other  exponent  of  the  speed. 
In  a  few  instances  the  spacing  was  based  on 
very  limited  field  observations  and  actual 
measurements.  In  general,  however,  spacings 
were  arrived  at  by  the  use  of  such  factors  as 
driver  reaction  time,  braking  distances,  and 
coefficients  of  friction. 

Although  some  of  these  curves  come  re- 
markably close  to  showing  the  same  relation- 
ship between  speed  and  traffic  volume  as  the 
curves  presented  in  a  following  section  of  this 
report  for  specific  roadway  conditions,  the 
wide  range  in  vehicular  volumes  for  any 
particular  speed  has  had  the  effect  of  confusing 
rather  than  enlightening  engineers  who  have 
made  serious  attempts  to  apply  the  results  to 
practical  problems. 

Basis  of  Tliis  Report 

One  of  the  primary  reasons  that  the  earlier 
highway  capacity  analyses  were  not  based  on 
sufficient  factual  information  was  the  lack  of 
instruments  to  measure  accurately  and  con- 
veniently the  vehicle  speeds  and  the  spacings 
between  vehicles  under  normal  operating  con- 
ditions. The  development  of  instrumentation 
for  this  purpose  has  progressed  rapidly  since 
1934.  Vital  information  pertaining  to  the 
actual  driving  practices  of  vehicle  operators 
as  related  to  other  traffic'  on  the  highway  and 
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to  the  governing  features  of  the  highway 
itself  can  now  be  obtained  for  each  individual 
driver,  regardless  of  what  the  total  traffic 
volume  niay  be.  Through  the  application  of 
these  means,  certain  laws  or  characteristics  of 
traffic  flow  have  been  discovered  or  developed. 
This  has  made  it  possible  to  base  this  report 
on  factual,  technical  data. 

While  compiling  this  report,  the  Highway 
Capacity  Committee  has  reviewed  all  the 
available  previously  published  information  on 
the  subject  and  has  used  the  factual  informa- 
tion obtained  through  investigations  con- 
ducted by  many  individuals  and  organizations, 
especially  the  comprehensive  traffic  operation 
research  investigations  made  by  the  Bureau  of 
Public  Roads  in  cooperation  with  the  various 
State  highway  departments  and  other  govern- 
mental agencies. 

The  Committee  is  especially  indebted  to  the 
many  city  traffic  engineers  who  contributed 
valuable  data  regarding  intersection  capaci- 
ties, and  to  the  Institute  of  Traffic  Engineers 
for  the  help  rendered  in  obtaining  information 
on  urban  conditions. 

The  Committee  is  aware  that  highway 
capacities  have  been  increasing  over  a  period 
of  years  due  to  improved  vehicle  design,  in- 
creased skill  of  drivers,  and  improved  traffic 
control.  With  the  introduction  of  four-wheel 
brakes,  for  example,  closer  spacing  of  vehicles 
was  possible. 
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Figure  1.      Calculated  capacities  of  a  single  traffic  lane,  from  various  sources. 
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Highway  Capacity  Stabilized 

Improvements  will  continue  to  be  made. 
The  Committee  believes,  however,  that 
capacities  of  highways  are  becoming  stabilized 


insofar  as  the  effects  of  the  vehicle  and  the 
driver  are  concerned.  Improvements  which 
might  tend  to  increase  capacities  will  probably 
be  offset,  to  some  extent  at  least,  by  other 
factors.      If    the    large    number    of    rear-end 


Lake  Shore  Drive  in  Chicago  has  an  outstanding  record  for 


huge  volumes  of  traffic. 


collision  accidents  are  to  be  appreciably  re- 
duced, for  example,  drivers  must  maintain 
somewhat  longer  distances  between  vehicles 
while  operating  in  high  traffic  densities.  A 
nt  study  of  vehicle  spacings  under 
capacity  conditions  showed  that  28  percent  of 
the  drivers  could  not  have  avoided  a  rear-end 
collision  had  the  driver  of  the  preceding  ve- 
hicle suddenly  applied  his  brakes.  This 
assumes  good  brakes  on  both  vehicles,  and  an 
extremely  low  value  of  1  second  for  the  com- 
bined perception  and  reaction  time.  The 
capacity  figures  in  this  report,  therefore,  are- 
based  on  present-day  vehicles  and  the  mariner 
in  which  they  are  currently  operated  on  the 
various  types  of  highway  facilities. 

By  correctly  applying  the  various  factors 
affecting  street  and  highway  capacities 
shown  in  this  report,  the  engineer  can  evaluate 
quantitatively  the  deficiencies  of  long  stretches 
of  highways  between  important  termini  or 
between  important  intersections  several  miles 
apart.  This  will  help  to  eliminate  the  com- 
mon failure  to  recognize  the  need  for  improve- 
ment until  a  facility  becomes  badly  congested. 
Instead,  the  need  for  improvement  can  be 
anticipated  and  the  projects  placed  in  their 
proper  position  in  a  long-range  priority  pro- 
gram for  a  street  or  highway  system.  Also, 
it  should  no  longer  be  necessary  to  continually 
"chase  rainbows"  by  increasing  the  capacity 
at  one  point  only  to  find  that  the  traffic  bottle- 
neck has  been  transferred  to  some  other  point 
along  the  route,  with  comparatively  little  over- 
all benefit  to  traffic. 


Table  1. — Calculated  capacities  of  a  single  traffic  lane,  from  various  sources 


Formula 
No. 

Author 

Year  of 
publi- 
cation 

Safe  following  distance  S  when  V 
is  the  speed  in  miles  per  hour 

Assumed 
distance 
between 

cars  at 
standstill 
(center  to 

center) 

Assumed 

reaction 

time 

For  maximum  capacity- 

1 

Maximum 
capacity 

Si  ice.  l 

Spacing 

1 

Schwanter -. 

1921 
1024 
1925 
1925 
1926 
1928 
1920 
1927 
1929 
1929 
1930 
1931 
1931 
1933 
1934 
1934 
1935 
1935 
1939 
1939 
1941 
1941 
1941 

Feet 
2. 933  V+ 14.  7 

Feet 

14.7 

14.7 

14.7 

14.7 

15 

15 

17.6 

17 

14.7 

14.7 

15 

15 

14 

25 

20 

20 

21 

16.4 

16 

16 

15 

15 

14.7 

Seconds 
2.00 
0 

0.50 
1.00 
0 
0 

0.75 
0.50 
1.00 
0.50 
0.50 
0.50 
1.50 
1.00 
1.00 
0.75 
1.00 
1.00 
1.50 
1.00 
1.00 
1.00 

M.p.h. 

6.6 
14.1 

8.3 
15.0 
34.3 
25.0 
21.5 
11.6 
14.2 
16.4 
14.4 
20.5 

28.3 
24.1 

15.8 
13.9 

21.2 
17.3 
19.8 

Feet 
(2.  0  sec.) 
29.4 
39.7 
41.6 
30.0 
64.6 
45.5 
57.7 
37.9 
50.3 
42.1 
40.6 
43.0 

(1. 5  sec.) 
81.5 
70.7 

(0. 75  sec.) 
55. 5 
52.4 

(1.50  sec.) 
61.1 
55.4 
58.4 

V.p./i. 

1,800 

1,190 

1.870 

1,050 

2.640 

2,800 

2,900 

1,970 

1,610 

1,490 

2,060 

1,870 

2,520 

2,400 

1,  830 

1,800 

4,800 

1,500 

1,400 

2,400 

1, 050 

1,790 

2 

0.337 1 '2     + 14.7 

0  0742  V2   +0.  733^+14.  7 
0.213Ir2     +1. 47V +14.7 

0.0667  V*  + 15 

0.5V2-3      +__. 15 

--.    (') 
0.  0.366  V2   +M0V  +17 
0.109V2     +0.  733V+14.  7 
0.0773V2  +1.  47  V +14.  7 
0.0550V2  +0.  733V+15 
0.  072V2     +0.  733V+15 
0.0333V2  +0.  733V+14 

..    .     2.20V  +25 

0.0251 '2     +1.  47  V +20 
0.  0102  V2-3+1.  47  V  +20 
.    1.10V  +21 
0.0635V2  +1.471'  +16.4 
0.  0833V2  +1.47V  +16 

--.   2.  20  V +16 
0.0333V2  +1.  47  V +15 
0.  05  V2       +1.  47V +15 
0.  0373V2  +1.  47  V +15 

3 

4 

5 

5A 

6    

Johnson 

.    .do  

Kelker     

7 

8 

9    

Highway  Research -.. 

Ehlgotz  .       .--  ... 

10  

11... 

12 

13 

14.. 

14A 

15 

16  

17 

17A 

18 

19 

20... 

Daugherty     ...   .  

New  York  Regional 

Johannesson     . .     

Massachusetts  WPA..  .. 
do 

Greenshields 

Nevins 

.   .do 

do 

Gulstad.  _-  

'  Kelker,  who  did  not.  list  a  formula  of  his  own,  assumed  that  at  10  m.  p.  h.  the  time  spacing  between  vehicles  is  0.5  second  and  at  60  m.  p.  h.  is  2.0  seconds. 
These  two  points  were  joined  with  a  straight  line  on  semi-log  cross-section  paper. 
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Part  I— Definitions 


Road  types:  A  freeway. 


INTRODUCTION 


The  confusion  that  has  existed  concerning 
the  meaning  and  shades  of  meaning  of  many 
terms  used  in  traffic  engineering  practice  has 
contributed,  in  some  measure  at  least,  to 
the  wide  differences  of  opinion  regarding 
the  capacity  of  various  highway  facilities. 
To  cite  but  one  of  many  examples,  it  is  not 
uncommon  to  find  the  terms  high  traffic 
density  and  high  traffic  volume  used  synony- 
mously or  interchangeably.  This  practice 
is  incorrect  and  creates  misunderstanding  in 
connection  with  highway  capacities  because 
traffic  volume  is  a  product  of  the  traffic 
density  and  the  traffic  speed.  As  will  be 
shown  later,  it  is  possible  to  have  a  very  low 
traffic  volume  with  a  high  traffic  density. 
In  fact,  the  highest  traffic  densities  do  occur 
when  vehicles  are  practically  at  a  standstill, 
in  which  case  the  traffic  volume  would  ap- 
proach zero. 


The  definitions  given  here  are  intended  to 
be  those  most  descriptive  and  most  widely 
used  in  engineering  practice.  Most  of  them 
are  based  on  current  usage  or  are  definitions 
already  adopted  by  various  organizations. 
There  are,  however,  many  cases  in  which  a 
definition  represents  a  combination  of,  or 
compromise  between,  definitions  appearing 
in  previously  published  material.  The  Com- 
mittee's primary  attempt  has  been  to  ascribe 
definite  meanings  to  terms  as  they  have  been 
used  in  this  report,  thus  minimizing  likelihood 
of  misinterpretation  of  its  content.1 

Included  also  are  definitions  for  terms  not 
used  in  this  report,  but  the  use  of  which  will 
probably  be  necessary  as  the  investigations 
of  highway  capacity  are  broadened  to  cover 
many  of  the  specific  conditions  for  which 
data  are  not  now  available. 

1  The  definitions  do  not  necessarily  agree  with  those  of 
other  committees  or  associations,  and  may  be  subject  to 
change  to  foster  national  uniformity  of  nomenclature. 


Road  types:  An  expressway  in  a  rural  area.      Grade  separation  structures  at  minor  cross 
roads  such  as  the  one  shown  here  are  seldom  justified. 


CAPACITY   DEFINED 

The  term  which  is  perhaps  most  widely 
misunderstood  and  improperly  used  in  the 
field  of  highway  capacity  is  the  word  capacity 
itself.  The  term  capacity,  without  modifi- 
cation, is  simply  a  generic  expression  pertaining 
to  the  ability  of  a  roadway  to  accommodate 
traffic.  Like  the  power  of  an  engine,  the 
capacity  of  a  roadway  must  be  rated  by  some 
standard  before  it  can  be  expressed  intelligibly. 
Just  as  the  ability  of  any  given  pump  to  dis- 
charge a  liquid  is  dependent  upon  such  factors 
as  the  nature  of  the  liquid,  the  speed  of  the 
pump,  and  the  size  of  the  discharge  pipe,  so 
the  capacity  of  a  roadway  depends  upon  a 
number  of  conditions.  Composition  of  traffic, 
roadway  alinement,  number  and  width  of 
lanes,  and  vehicular  speeds  are  a  few  of  these 
conditions  which  may  be  referred  to  col- 
lectively as  the  prevailing  conditions. 

The  prevailing  conditions  may  be  divided 
into  two  groups:  (1)  those  that  are  determined 
by  the  physical  features  of  the  roadway; 
and  (2)  those  that  are  dependent  upon  the 
traffic  using  the  roadway.  The  first  group, 
none  of  which  change  unless  some  construc- 
tion or  reconstruction  work  is  performed,  are 
referred  to  as  the  prevailing  roadway  con- 
ditions. The  second  group,  any  of  which 
may  change  or  be  changed  from  hour  to  hour 
or  during  various  periods  of  the  day,  are 
referred  to  as  the  prevailing  traffic  conditions. 

Basic  Capacity 

There  are  three  levels  of  roadway  capacity 
that  are  of  utmost  importance  in  any  discussion 
of  the  subject.  The  first  of  these  the  Com- 
mittee has  decided  to  call  the  basic  capacity. 
It  is  the  maximum  number  of  passenger  cars 
that  can  pass  a  given  point  on  a  lane  or  road- 
way during  one  hour  under  the  most  nearly 
ideal  roadway  and  traffic  conditions  which  can 
possibly  be  attained. 

Basic  capacity  for  rural  roads  and  urban 
expressways  with  uninterrupted  flow  is  ex- 
pressed in  terms  of  passenger  cars  per  lane  or 
roadway  per  hour.  Basic  capacity  for  street 
intersections  applies  to  the  roadway  width 
on  one  approach  and  is  the  rate  of  flow 
expressed  in  terms  of  passenger  cars  per  hour, 
during  the  period  that  the  flow  is  not  inter- 
rupted. Two  roadways  having  the  same  physi- 
cal features,  therefore,  have  the  same  basic 
capacity  regardless  of  the  prevailing  traffic 
conditions. 

Possible  Capacity 

The  second  level  of  capacity  is  the  maxi- 
mum number  of  vehicles  that  can  pass  a  given 
point  on  a  lane  or  roadway  during  one  hour, 
under  the  prevailing  roadway  and  traffic 
conditions.  This  level  of  capacity,  which  the 
Committee  has  decided  to  call  the  possible 
capacity,  is  a  positive  quantity.  It  is  the 
volume  of  traffic  that  cannot  be  exceeded  in 
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actuality  without  changing  one  or  more  of  the 
conditions  that  prevail.  It  is  necessary  always 
to  state  the  conditions  under  which  an  ex- 
pressed possible  capacity  is  applicable.  For 
example,  it  would  be  incorrect  to  state  that 
the  possible  capacity  of  a  two-lane  highway  is 
2,000  vehicles  per  hour.  If,  however,  the 
statement  be  amplified  to  say  that  the 
possible  capacity  of  a  level,  tangent,  two- 
lane  highway  with  a  24-foot  surface,  free 
from  lateral  obstructions  within  6  feet  of  its 
edges,  and  with  no  major  intersections  at 
grade,  is  2,000  passenger  cars  per  hour,  then 
it  is  substantially  complete  and  correct. 

Practical  Capacity 

The  third  level  of  capacity  is  the  maximum 
number  of  vehicles  that  can  pass  a  given 
point  on  a  roadway  or  in  a  designated  lane 
during  one  hour  without  the  traffic  density 
being  so  great  as  to  cause  unreasonable  de- 
lay, hazard,  or  restriction  to  the  drivers'  free- 
dom to  maneuver  under  the  prevailing  road- 
way and  traffic  conditions.  This  type  of 
capacity  the  Committee  has  decided  to  call 
practical  capacity.  Because  the  phrase  un- 
reasonable delay  or  restriction  to  the  drivers' 
freedom  to  maneuver  is  somewhat  subjective, 
the  establishment  of  the  volume  at  which 
practical  capacity  is  reached  depends  in  large 
measure  upon  individual  judgment.  The 
reader  will  find,  however,  that  the  body  of  the 
report  develops  scientific  means  of  rationaliz- 
ing the  extent  to  which  the  driver  of  a  vehicle 
is  deprived  of  his  freedom  to  maneuver  at 
various  traffic  volumes  by  considering  the 
amount  that  his  speed  and  other  factors  are 
restricted  by  other  vehicles  on  the  highway. 
By  using  this  as  a  criterion,  the  Committee 
has  found  it  possible  to  recommend  definite 
ranges  of  practical  capacities  for  various  road- 
way and  traffic  conditions. 

It  is  the  practical  capacity  which  is  of  pri- 
mary interest  to  those  striving  to  provide 
adequate  highway  facilities.  The  design  en- 
gineer will  plan  his  improvements  with  an 
adequate  practical  capacity  to  meet  antici- 
pated volumes  of  traffic  on  the  facility.  To 
him,  a  more  descriptive  term  might  be  design 
capacity,  but  the  only  difference  is  that  the 
highway  has  a  design  capacity  during  the 
planning  stage,  and  a  practical  capacity  after 
it  is  constructed.  One  is  objective,  the  other 
reality,  but  both  may  have  the  same  numerical 
value.  It  seems  illogical,  therefore,  to  intro- 
duce a  second  term  having  essentially  the 
same  meaning. 

Other  Terms 


In  rural  areas,  however,  and  on  urban  facili- 
ties having  expressway  characteristics,  there 
is  indeed  a  wide  range  in  volume  between 
practical  capacity  and  possible  capacity.  This 
may  be  thought  of  as  a  reservoir  which  can 
absorb  an  overload,  with  increasing  inconven- 
ience to  drivers,  after  the  practical  capacity 
has  been  reached.  The  report  will  show  that 
within  this  realm  congestion  increases  in 
direct  ratio  with  the  traffic  volume.  Because 
the  conditions  that  govern  the  degree  of 
congestion  which  may  be  considered  as  toler- 
able are  so  local  in  character,  the  Committee 
chooses  to  refrain  from  any  specific  recommen- 
dations for  these   intermediate  terms.     Con- 


The  three  forms  of  capacity,  basic,  possible, 
and  practical,  are  the  ones  used  throughout 
the  report,  and  they  are  used  in  the  sense  just 
described.  Other  terms  and  their  definitions 
follow,  not  in  alphabetical  order,  but  grouped 
according  to  the  subject  to  which  they  are 
most  closely  related.  As  an  aid  in  locating 
the  definition  of  any  term  listed,  an  index  will 
be  found  immediately  following  the  glossary. 

I.— ROADWAY  DEFINITIONS 

Highway,  street,  or  road. — These  are 
general  terms  denoting  a  public  way  for 
purposes    of    vehicular   travel,    including    the 


These  two  photographs,  taken  at  the  same  location  within  a  short  period  of  time,  illustra  le 
the  difference  between  traffic  volume  and  traffic  density.  The  volume  in  both  cases 
was  about  the  same.  The  density,  because  of  slow  speeds,  was  far  greater  in  the  upper 
picture  than  in  the  lower  picture,  where  speeds  were  appreciably  higher.  Heavy 
congestion  often  creates  the  false  impression,  in  a  photograph,  of  high  volume. 
Actually,  pictures  of  free-flowing,  high-volume  roads  usually  show  only  a  few  vehicles 
in  the  field  of  vision. 


Other  terms,  such  as  satisfactory  capacity, 
tolerable    capacity,   and   intolerable    capacity 

have  been  variously  used  in  previously  pub- 
lished material  to  subdivide  the  range  between 
practical  and  possible  capacities.  For  urban 
conditions  where  traffic  is  regulated  by  traffic 
signals,  the  report  will  show  that  the  difference 
between  practical  and  possible  capacities  is  so 
small  that  intermediate  levels  are  not  needed. 


sidered  more  important  is  the  need  to  inform 
the  reader  of  the  effect  of  these  intermediate 
traffic  volumes.  Having  been  thus  informed, 
the  local  official  will  be  better  able  to  exercise 
sound  judgment  in  deciding  upon  satisfactory 
or  tolerable  capacities  for  use  in  administering 
his  available  funds  to  the  greatest  advantage 
of  the  public. 


entire  area  within  the  right-of-way.  In  rural 
areas,  or  in  urban  areas  where  there  is  com- 
paratively little  access  and  egress,  a  way 
between  prominent  termini  is  usually  called  a 
highway  or  a  road.  A  way  in  an  urban  area 
with,  or  with  provision  made  for  curbs,  side- 
walks, and  paved  gutters,  is  ordinarily  called 
a  street. 
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Road  types:  A  two-lane  rural  highway. 


a.  Control  of  access. — The  condition 
where  the  right  of  owners  or  occupants 
of  abutting  land  or  other  persons  to 
access,  light,  air,  or  view  in  connection 
with  a  highway  is  fully  or  partially  con- 
trolled by  public  authority. 

(/)  Full  control  of  access  means 
that  the  authority  to  control  access 
is  exercised  to  give  preference  to 
through  traffic  by  providing  access 
connections  with  selected  public 
roads  only  and  by  prohibiting  cross- 
ings at  grade  or  direct  private  drive- 
way connections. 

(2)  Partial  control  oj  access  means 
that  the  authority  to  control  access 
is  exercised  to  give  preference  to 
through  traffic  to  a  degree  that,  in 
addition  to  access  connections  with 
selected  public  roads,  there  may  be 
some  crossings  at  grade  and  some 
private  driveway  connections. 

/.   Functional  types: 

a.  Arterial  highway. — A  general  term 
denoting  a  highway  primarily  for  through 
traffic,  usually  on  a  continuous  route. 

b.  Expressway. — A  divided  arterial 
highway  for  through  traffic  with  full  or 
partial  control  of  access  and  generally 
with  grade  separations  at  intersections. 

c.  Freeway. — An  expressway  with  full 
control  of  access. 

d.  Parkway. — An  arterial  highway  for 
noncommercial  traffic,  with  full  or  partial 
control  of  access,  and  usually  located 
within  a  park  or  a  ribbon  of  parklike 
development. 

e.  Major  street  or  major  highway. — 
An  arterial  highway  with  intersections  at 
grade  and  direct  access  to  abutting 
property,  and  on  which  geometric  design 
and  traffic  control  measures  are  used  to 
expedite  the  safe  movement  of  through 
traffic. 

/.  Through  street  or  through  highway. — 
Every  highway  or  portion  thereof  at  the 
entrance  to  which  vehicular  traffic  from 
intersecting  highways  is  required  by  law 
to  stop  before  entering  or  crossing  the 
same  and  when  stop  signs  are  erected. 

g.  Local  street  or  local  road. — A  street 
or  road  primarily  for  access  to  residence, 
business,  or  other  abutting  property. 


.  Cross-section  components: 

a.  Roadway.— -That  portion  of  a  road 
which  is  improved,  designed,  or  ordinarily 
intended  for  vehicular  use.  Divided 
roads,  and  roads  with  frontage  roads, 
have  more  than  one  roadway.  On  un- 
divided roads  without  frontage  roadways, 
the  roadway  width  normally  lies  between 
the  regularly  established  curb  lines  or 
between  the  outer  extremities  of  the 
shoulders,  whichever  is  appropriate. 

b.  Frontage  roadway. — A  roadway 
contiguous  to  and  generally  paralleling 
an  expressway,  freeway,  parkway,  or 
through  street  so  designed  as  to  intercept, 
collect,  and  distribute  traffic  desiring  to 
cross,  enter,  or  leave  such  facility  and  to 
furnish  access  to  property  which  other- 
wise would  be  isolated  as  a  result  of 
controlled-access  features.  Sometimes 
referred  to  as  a  service  roadway. 

c.  Pavement. — -That  part  of  a  roadway 
having  a  constructed  surface  for  the 
facilitation  of  vehicular  movement. 

d.  Shoulder. — That  portion  of  a  road- 
way between  the  outer  edge  of  the  paved 
surface  and  the  curb  or  the  inside  edge 


Road  types:  A  three-lane  highway. 


of  the  ditch  or  gutter  or  original  ground 
surface. 

e.  Curb. — A  vertical  or  sloping  member 
along  the  edge  of  a  pavement  or  shoulder 
forming  part  of  a  gutter,  strengthening 
or  protecting  the  edge,  and  clearly 
defining  the  edge  to  vehicle  operators. 
The  surface  of  the  curb  facing  the  general 
direction  of  the  pavement  is  called  the 
"face." 

(1)  Vertical  curb. — A  curt)  whose 
face  is  a  plane  surface  which  is 
either  vertical  or  inclined  at  an  angle 
not  exceeding  20  degrees  with  the 
vertical.  Ordinarily  it  is  not 
mountable,  or  is  mountable  with 
difficulty,  by  vehicles.  Also  called 
a  straight  curb  or  normal  curb. 

{2)  Sloped  curb.— A  curb  whose 
face  is  a  plane  surface  which  is 
inclined  at  an  angle  of  at  least  20 
degrees,  but  not  more  than  60  degrees, 
with  the  vertical.  It  may  be  mount- 
able  or  nonmountable  by  vehicles. 

(.3)  Lip  curl). — A  curb  whose  face 
is  a  plane  surface  which  is  inclined 
at  an  angle  of  at  least  60  degrees  with 


the    vertical    and    which  is    readily 
mountable  by  a  vehicle. 

(4)  Rolled  curb. — A  curb,  the  face 
of  which  is  S  shaped  in  cross  section, 
usually  so  constructed  as  to  be 
mountable  by  a  vehicle. 

/.  Separator. — -An  area  or  a  device  (other 
than  a  painted  line  or  area)  so  located 
longitudinally  between  two  roadways  as 
to  separate  traffic  flowing  in  the  same  or 
opposite  directions  and  being  so  designed 
as  to  discourage  or  prevent  passage  by 
vehicles  from  the  lanes  on  one  side  of  the 
separator  to  those  on  the  other. 

(1)  Directional  separator. — A  sepa- 
rator between  traffic  streams  moving 
in  opposite  directions.  If  the  direc- 
tional separator  is  located  between 
two  roadways  carrying  through  traf- 
fic in  opposite  directions,  it  is  usually 
referred  to  as  a  Median. 

(2)  Lane  separator. — A  separator 
between  traffic  streams  moving  in 
the  same  direction  where  the  service 
rendered  by  the  roadways  on  either 
side  of  the  separator  is  essentially 
of  the  same  character,  as  distin- 
guished from  that  on  a  frontage 
roadway. 

(5)  Outer  separator. — A  separator 
between  a  frontage  roadway  and  the 
roadway  of  a  controlled-access  high- 
way or  major  street. 

g.  Speed  change  area. — An  added 
width  of  pavement  adjacent  to  the  through 
traffic  lanes  to  enable  vehicles  entering  a 
roadway  to  accelerate  to  a  reasonable 
speed  before  merging  with  through  traf- 
fic or  to  permit  vehicles  leaving  the  road- 
way to  decelerate  to  the  required  speed 
after  separation  from  through  traffic  has 
been  accomplished. 

(1)  Acceleration  area. — A  speed 
change  area  for  the  purpose  of:  (a) 
Enabling  a  vehicle  entering  a  road- 
way to  increase  its  speed  to  a  rate 
at  which  it  can  more  safely  merge 
with  through  traffic;  (b)  Providing 
the  necessary  merging  distance;  and 
(c)  Giving  the  main  roadway  traffic 
the  necessary  time  and  distance  to 
make  appropriate  adjustments. 

(2)  Deceleration  area. — A  speed 
change  area  for  the  purpose  of 
enabling  a  vehicle  that  is  to  make  an 
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exit  turn  from  a  roadway  to  slow  to 
the  safe  speed  on  the  curve  ahead 
after  it  has  left  the  main  stream  of 
faster-moving  traffic. 

8.    Cross-sectional  design: 

a.  Undivided  road. — A  road  which  has 
no  directional  separator,  either  natural  or 
structural,  separating  traffic  moving  in 
opposite  directions. 

b.  Divided  road. — A  two-way  road  on 
which  traffic  in  one  direction  of  travel  is 
separated  from  that  in  the  opposite  direc- 
tion by  a  directional  separator.  Such  a 
road  has  two  or  more  roadways. 

4-    Width  in  lanes: 

a.  Two-lane  road. — An  undivided  two- 
way  road  having  one  lane  for  traffic  in 
each  of  two  opposing  directions. 

b.  Three-Jane  road. — An  undivided  two- 
way  road  providing  one  lane  for  the 
exclusive  use  of  traffic  in  each  of  two 
opposing  directions  and  a  third  (center) 
lane  for  use  by  traffic  in  either  direction 
in  overtaking  and  passing. 

c.  Odd-lane  road. — An  undivided  two- 
way  road  having  an  odd  number  of  lanes, 
one  of  which  may  be  used  by  traffic  mov- 
ing in  either  direction.  A  three-lane 
roadway  is  a  specific  type  of  odd-lane 
roadway. 

d.  Multilane  road. — A  road  having  two 
or  more  lanes  for  traffic  in  each  direction, 
or  four  or  more  lanes  for  traffic  in  two 
directions.  It  may  be  one-way  or  two- 
way;  divided  or  undivided. 

5.  Directional  usage: 

a.  One-way  road. — A  road  on  which 
the  movement  of  traffic  is  confined  to  one 
direction. 

b.  Two-way  road. — A  road  on  which 
traffic  may  move  in  opposing  directions 
simultaneously.  It  may  be  either  di- 
vided or  undivided. 

6.  Traffic  lane. — A  strip  of  roadway  in- 
tended to  accommodate  a  single  line  of 
moving  vehicles. 

a.  Right  lane  or  first  lane. — On  any 
roadway,  the  lane  on  the  extreme  right, 
in  the  direction  of  traffic  flow,  available 
for  moving  traffic.  Sometimes  referred 
to  as  the  outside  lane  on  rural  highways 
or  the  curb  lane  on  city  streets  where 
parking  is  not  permitted. 

b.  Left  lane. — (1)  On  a  two-lane,  two- 
way  road,  that  lane  which  is  to  the  left  of 


the  center  line  and  which  is  normally 
used  by  traffic  in  the  opposite  direction. 
(2)  On  a  multilane  road,  the  extreme 
left-hand  lane  of  those  lanes  available  for 
traffic  traveling  in  one  direction. 

c.  Center  lane. — On  an  undivided 
road  having  an  odd  number  of  lanes,  the 
lane  which  may  be  used  by  traffic  travel- 
ing in  either  direction. 

d.  Second  lane,  third  lane,  etc. — 
On  a  multilane  road,  lanes  to  the  left  of 
the  right  lane  (or  first  lane),  available  for 
traffic  traveling  in  the  same  direction  are 
designated  "second  lane,"  "third  lane," 
etc.,  in  that  order. 

e.  Parking  lane. — A  strip  of  roadway 
where  vehicles  may  be  legally  parked  but 
which  otherwise  would  be  available  to 
moving  traffic. 

/.  Left-turn  lane. — -A  lane  within  the 
normal  surfaced  width,  reserved  for  left- 
turning  vehicles. 

g.  Right-turn  lane. — A  lane  within  the 
normal  surfaced  width,  reserved  for  right- 
turning  vehicles. 

h.  Separated  turning  lanes. — Added 
traffic  lanes  separated  from  the  intersec- 
tion area  by  an  island  or  unpaved  area. 


Road  types:  A  major  street  with  left -turn 
lanes  and  separate  signal  indications  for 
vehicles  turning  left. 


Road  types:  An  expressway  having  a  direc- 
tional separator  (left)  and  a  lane 
separator. 


They  may  be  wide  enough  for  one-lane 
or  two-lane  operation. 

i.  Added  turning  lane. — A  special  lane 
for  turning  vehicles  obtained  by  widening 
the  normal  roadway  width  at  inter- 
sections. 

j.  Turn-oiit  lane. — A  special  lane  of  lim- 
ited length  apart  from  the  through  traffic 
lanes  provided  for  the  use  of  vehicles 
making  stops  of  short  duration. 

k.  Car-track  lane. — A  lane  occupied  by 
streetcar  tracks  within  the  surfaced  width 
of  a  roadway.  Such  a  lane  may  or  may 
not  be  available  for  use  by  free-wheeled 
vehicles. 

7.  Intersection. — The  area  embraced  within 
the  prolongation  or  connection  of  the  lateral 
curb  lines,  or,  if  none,  then  the  lateral  bound- 
ary lines  of  the  roadways  of  two  highways 
which  join  one  another  at,  or  approximately 
at,  right  angles,  or  the  area  within  which 
vehicles  traveling  upon  different  highways 
joining  at  any  other  angle  may  come  in  con- 
flict. Where  a  highway  includes  two  road- 
ways (30)  feet  or  more  apart,  then  every 
crossing  of  each  roadway  of  such  divided  high- 


.- 
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way  by  an  intersecting  highway  shall  be  re- 
garded as  a  separate  intersection.  In  the 
event  such  intersecting  highway  also  includes 
two  roadways  (30)  feet  or  more  apart,  then 
every  crossing  of  two  roadways  of  such  high- 
ways shall  be  regarded  as  a  separate  intersec- 
tion. 

a.  Intersection  leg. — That  part  of  any  one 
of  the  roadways  radiating  from  an  inter- 
section which  is  outside  of  the  area  of  the 
intersection  proper. 

(-/)  Approach. — That  portion  of  a 
leg  which  is  used  by  traffic  approach- 
ing the  intersection. 

(2)  Exit. — That  portion  of  a  leg 
which  is  used  by  traffic  in  leaving  an 
intersection. 

b.  Three-way  intersection. — A  roadway 
intersection  with  three  intersection  legs. 
If  one  of  these  intersection  legs  is  an 
approximate  prolongation  of  the  direction 
of  approach  of  another,  and  if  the  third 
leg  intersects  this  prolongation  at  an 
angle  between  75  and  105  degrees,  the 
three-way  intersection  is  classed  as  a  T 
intersection.  If  one  leg  is  a  prolongation 
of  the  approach  of  another,  and  the  third 
leg  intersects  this  prolongation  at  an 
angle  less  than  75  or  greater  than  105 
degrees,  it  is  classed  as  a  Y  intersection. 

c.  Four-way  intersection. — A  roadway 
junction  with  four  intersection  legs.  If 
two  of  the  intersection  legs  are  approxi- 
mate prolongations  of  the  directions  of 
approach  of  the  other  two,  and  the  angle 
of  intersection  of  these  two  prolongations 
is  less  than  75  degrees  or  more  than  105 
degrees,  it  is  classed  as  a  four-way  oblique 
intersection.  If  two  of  the  intersection 
legs  are  approximate  prolongations  of  the 
other  two  legs,  and  the  angle  of  inter- 
section of  these  prolongations  is  75  d  >. 

or  more,  but  not' greater  than  105  degrees, 
it  is  classed  as  a  four-way  right-angled 
intersection. 

d.  Multiway  intersection. — A  junction 
having  five  or  more  legs. 

e.  Rotary  intersection.— Pi.  confluence  of 
three  or  more  intersection  legs  at  which 
traffic  merges  into  and  emerges  from  a 
one-way  roadway  in  a  counterclockwise 
direction  around  a  central  area. 
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otary  inter- 

al  area  circular 

or  oval  ent  size  to 

produce  weaving  maneuvers  in  lieu 

ween  the  vari- 

movemc . 

8.  Highway  grade  separation. — A  structure 

used  to  separate  vertically  two  intersecting 

roadways,  thus  permitting  traffic  on  the  one 

road  to  cross  traffic  on  the  other  road  without 

interference. 

a.  Traffic  interchange  or  interchange. — 
A  system  of  interconnecting  roadways  in 
conjunction  with  a  grade  separation  or 
grade  separations  providing  for  the  inter- 
change of  traffic  between  two  or  more 
roadways  or  highways  on  different  levels. 

b.  Access  ramp  or  ramp. — An  intercon- 
necting roadway  of  a  traffic  interchange, 
or  any  connection  between  highway 
facilities  of  different  levels,  on  which 
vehicles  may  enter  or  leave  a  designated 
roadway. 

(1)  Inner  loop. — A  ramp  used  by 
traffic  destined  for  a  left-turn  move- 
ment from  one  of  the  through  road- 
ways to  a  second  when  such  move- 
ment is  accomplished  by  making  a 
right-exit  turn  followed  by  a  three- 
quarter-round  right-turn  maneuver 
and  a  right-entrance  turn. 

(2)  Outer  connection. — A  ramp  used 
by  traffic  destined  for  a  right-turn 
movement  from  one  of  the  through 
roadways  separated  by  a  structure 
to  the  second  through  roadway. 

(S)  Direct  connection. — A  form  of 
ramp  which  does  not  deviate  much 
from  the  intended  direction  of  travel. 
The  inner  loop  for  left-turning  move- 


Intersection  types:  A  four-way  intersection 
in  a  downtown  area. 


ment  is  avoided  by  the  use  of  sepa- 
rate structures.  An  outer  connection 
is  a  direct  connection  for  right- 
turning  movements. 

(4)  Exit  turn. — A  turn  at  a  ramp 
terminal  where  traffic  leaves  a 
through  roadway  and  enters  a  ramp. 

(5)  Entrance  turn. — A  turn  at  a 
ramp  terminal  where  traffic  turns 
from  a  ramp  and  enters  a  through 
roadway. 

9.  Weaving  section. — A  length  of  one-way 
roadway  serving  as  an  elongated  intersection 
of  two  one-way  roads  crossing  each  other  at 
an  acute  angle  in  such  a  manner  that  the 
interference  between  cross  traffic  is  minimized 
through  substitution  of  weaving  for  direct 
crossing  of  vehicle  pathways. 

10.  Sight  distance. — The  length  of  road- 
way visible  to  the  driver  of  a  passenger 
vehicle  at  any  given  point  on  the  roadway 
when  the  view  is  unobstructed  by  traffic. 


Weaving  sections:  The  distribution  structure  for  the  San  Francisco-Oakland  Bay  Bridge 
(photo  taken  during  construction  in  1937). 
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a.  Stopping  sight  distance. — The 
distance  required  by  a  driver  of  a  vehicle, 
traveling  at  a  given  speed,  to  bring  his 
vehicle  to  a  stop  after  an  object  on  the 
roadway  becomes  visible. 

b.  Passing  sight  distance. — The 
minimum  sight  distance  that  must  be 
available  to  enable  the  driver  of  one 
vehicle  to  pass  another  vehicle  safely  and 
comfortably  without  interfering  with  the 
speed  of  an  oncoming  vehicle  traveling 
at  the  design  speed  should  it  come  into 
view  after  the  overtaking  maneuver  is 
started. 

c.  Restricted  stopping  sight  dis- 
tance.— A  sight  distance  shorter  than 
the  stopping  sight  distance  for  the  design 
speed. 

d.  Restricted  passing  sight  dis- 
tance.— A  sight  distance  shorter  than 
the  passing  sight  distance  required  to 
pass  a  vehicle  traveling  10  miles  per 
hour  slower  than  the  design  speed. 

e.  Restrictive  sight  distance. — A 
sight  distance  which,  by  reason  of  its 
inadequate  length,  causes  a  reduction 
in  the  operating  speed  and  otherwise 
restrains  the  free  movement  of  traffic 
under  the  prevailing  conditions. 

II.— TRAFFIC  CONTROL  DEVICE  DEFI- 
NITIONS 

Traffic  control  devices. — A  traffic  control 
device  is  any  sign,  signal,  marking,  or  device 
placed  or  erected  for  the  purpose  of  regulating, 
warning,  or  guiding  traffic. 

1.  Pavement  markings: 

a.  Lane  line. — A  marked  longitudinal 
line  other  than  a  center  line  separating 
two  lanes. 

b.  Center  line. — A  marked  center  line 
(geometric  medial  line)  of  an  undivided 
roadway. 

c.  Division  line. — A  line  that  designates 
the  lanes  available  for  traffic  moving  in 
each  direction  on  an  undivided  roadway 
and  that  is  to  one  side  of  the  center  line. 

d.  Barrier  line. — A  distinctive  longi- 
tudinal pavement  line  which,  when 
placed  in  proper  relation  to  a  center  line, 
lane  line,  or  division  line,  indicates  that 
all  traffic  should  keep  to  the  right  of  such 
barrier  line. 

e.  Insert. — A  pavement  marking  ac- 
complished by  setting  into  or  attaching 
to  the  pavement  a  material  (other  than 
paint)  of  contrasting  color  flush  or 
practically  flush  with  the  surface. 

/.  Button. — A  pavement  marking  con- 
sisting of  an  inflexible  object  attached  to 
the  pavement  and  projecting  above  the 
surface. 

g.  Word  markings. — Word  messages 
marked  on  the  pavement  to  aid  in  the 
control  of  traffic. 

h.  Directional  pavement  markings. — 
Directional  lines,  arrows,  or  symbols 
marked  on  the  pavement  to  aid  in  the 
control  of  traffic. 

2.  Traffic  sign. — A  device  mounted  on  a 
fixed  or  portable  support  whereby  official 
notice  is  given  in  the  form  of  words  or  symbols, 
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for  the  purpose  of  regulating,  warning,  guiding, 
or  informing  traffic. 

a.   Stop  sign. — A  sign  indicating  that 
traffic  shall  stop  before  proceeding. 
8.  Traffic  signal. — A  signal,  operated  manu- 
ally,  electrically,  or  mechanically,  by  which 
traffic  is  alternately  commanded  to  stop  and 
permitted  to  proceed. 

a.  Interval. — The  time  during  which  the 
traffic  indication  of  anj'  particular  traffic 
signal  face  does  not  change. 

b.  Cycle. — The  total  time  required  for 
one  complete  sequence  of  the  intervals 
of  a  traffic  signal. 

c.  Phase. — A  part  of  the  total  time 
cycle  allocated  to  any  traffic  movement 
receiving  the  right-of-way  or  to  any  com- 
bination of  traffic  movements  receiving 
the  right-of-way  simultaneously  during 
one  or  more  intervals. 

d.  Through  band. — The  time  in  seconds 
elapsing  between  the  passing  of  the  first 
and  the  last  possible  vehicle  in  a  group 
of  vehicles  moving  in  accordance  with 
the  designed  speed  of  a  progressive 
signal  system. 

e.  Manual  control. — Operation  of  a 
traffic  signal  by  hand. 

/.  Automatic  control. — Operation  of  a 
traffic  signal  by  an  electrical  timing 
mechanism. 

g.  Traffic-actuated  control. — A  type  of 
automatic  control  which  is  actuated, 
under  specific  conditions,  by  impulses 
from  individual  vehicles  or  pedestrians, 
or  both. 

h.  Independent  control. — Operation  of  a 
traffic  signal  installation  not  in  coordina- 
tion with  any  other  signal. 

i.  Coordinated  control. — Operation  of  two 
or  more  traffic  control  signal  installations 
with  definite  interrelation. 

j.  Simultaneous  system. — A  signal  sys- 
tem in  which  all  signals  always  give  the 
same  indication  to  a  given  street  at  the 
same  time. 

k.  Alternate  system. — A  signal  system 
in  which  alternate  signals,  or  groups  of 
signals,  give  opposite  indications  to  a 
given  street  at  the  same  time. 

I.  Progressive  system. — A  signal  system 
in  which  the  various  signal  faces  control- 
ling a  given  street  give  go  indications 
in  accordance  with  a  timing  schedule  to 
permit  (as  nearly  as  possible)  continuous 
operation  of  groups  of  vehicles  along  the 
street  at  a  planned  rate  of  speed,  which 
may  vary  in  different  parts  of  the  system. 

m.  Flexible  progressive  system. — A  signal 
system  in  which  the  intervals  at  any 
signal  may  be  independently  adjusted  to 
the  traffic  requirements  at  the  intersec- 
tion, and  in  which  the  go  indications  at 
separate  signals  may  be  started  inde- 
pendently at  the  instant  which  will  result 
in  maximum  efficiency. 
4.  Safety  zones  and  islands: 

a.  Safety  zone.— An  area  or  space  set 
apart  within  a  roadway  for  the  exclusive 
use  of  pedestrians  and  which  is  protected 
or  is  so  marked  or  indicated  by  adequate 
signs  as  to  be  plainly  visible  at  all  times. 
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When  the  area  so  set  apart  is  for  the  pro- 
tection of  streetcar  or  bus  passengers,  it 
is  known  as  a  loading  zone. 

b.  Pedestrian  island. — A  raised  safety 
zone  located  in  a  cross  walk. 

c.  Loading  island. — A  raised  safety  zone 
especially  provided  at  a  regular  streetcar 
stop,  or  at  a  bus  stop  when  such  is  near 
the  middle  of  the  street,  for  the  protection 
of  passengers. 

d.  Traffic  island. — Any  restricted  area 
permanently  located  in  a  roadway  which 
provides  structurally  for  the  physical 
separation  and  sorting  of  traffic  streams. 

e.  Channelizing  island. — A  traffic  island 
located  in  a  roadway  area  to  confine 
specific  movements  of  traffic  to  definite 
channels. 

/.  Divisional  island. — A  traffic  island 
so  located  longitudinally  in  a  roadway  as 
to  separate  traffic  streams  flowing  in  the 
same  or  opposite  directions.  (See  also 
"Separator"). 

g.  Rotary  island. — A  traffic  island  lo- 
cated in  the  center  of  an  intersection  to 
compel  movement  in  a  counterclockwise 
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direction  and  thus  substitute  weaving  of 
traffic  around  the  island  instead  of  direct 
crossings  of  vehicle  pathways. 

III.— TRAFFIC    AND    TRAFFIC    OPERA- 
TIONS DEFINITIONS 

A. — Composition  of  Traffic 

1.  Traffic. — All  types  of  conveyances,  to- 
gether with  their  load,  either  singly  or  as  a 
whole,  while  using  any  roadway  for  the  pur- 
pose of  transportation  or  travel. 

a.  Vehicle. — Any  component  of  traffic. 
Unless  otherwise  qualified,  the  term 
vehicle  will  normally  apply  to  free-wheeled 
vehicles  as  hereinafter  defined. 

b.  Free-wheeled  vehicle. — Any  compon- 
ent of  traffic  not  limited  in  its  field  of 
operation  to  rails  or  tracks. 

c.  Passenger  car. — A  free-wheeled,  self- 
propelled  vehicle  designed  for  the  trans- 
portation of  persons  but  limited  in  seating 
capacity  to  not  more  than  seven  passen- 
gers. It  includes  taxicabs,  limousines, 
and  station  wagons,  but  does  not  include 
motorcycles. 

d.  Commercial  vehicle. — A  free-wheeled 
vehicle  designed  for  the  transportation  of 
cargo  other  than  passengers,  and  broadly 
referred  to  as  a  "truck."  May  be  further 
classified  as  light-powered,  medium- 
powered,  and  heavy-powered,  and  in- 
cludes tractor-trucks,  trailers,  and  semi- 
trailers when  used  in  combination. 

e.  Molorbus  (bus). — A  free-wheeled  ve- 
hicle having  a  self-contained  source  of 
motive  power  (as  distinguished  from  a 
trolley  coach),  designed  for  the  trans- 
portation of  persons,  and  having  a  seating 
capacity  of  eight  or  more  passengers. 

/.  Trolley  coach  or  trackless  trolley. — -A 
vehicle,  designed  for  the  transportation  of 
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passengers,  which  is  propelled  by  electric 
power  obtained  from  overhead  trolley 
wires,  but  not  operated  upon  rails. 

g.  Streetcar. — A  single  self-propelled 
vehicle  restricted  to  operating  on  rails  or 
tracks  and  designed  for  transporting 
passengers,  principally  within  a  munici- 
pality or  contiguous  area. 

B. — Traffic  Operation 

1.  Speed. — The  rate  of  movement  of  traffic 
or  of  specified  components  of  traffic,  expressed 
in  miles  per  hour. 

a.  Average  speed. — The  average  of 
the  speeds  of  all  vehicles  at  a  specified 
point  on  a  given  roadway,  during  a 
specified  period  of  time. 

6.  Over-all  speed. — The  total  dis- 
tance traversed,  divided  by  the  total  time 
required,  including  all  traffic  delays,  ex- 
pressed in  miles  per  hour. 

c.  Average  over-all  speed. — The 
average  of  the  over-all  speeds  of  all 
vehicles  on  a  given  roadway  during  a 
specified  period  of  time. 

d.  Optimum  speed. — The  average 
speed  at  which  traffic  must  move  when 


Left -turn  lanes:  Jackson  Boulevard  at  Lake 
Shore  Drive,  Chicago.  Provision  of  three 
left-turn  lanes  eastbound,  one  right-turn 
lane eastbound,  and  two  lanes  westbound, 
reduces  to  a  minimum  the  requisite  time 
allotted  to  turning  movements,  thus 
affording  greater  time  for  through  traffic 
on  Lake  Shore  Drive. 
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the  volume  is  at  a  maximum  on  a  given 
roadway.  An  average  speed  either  ap- 
preciably higher  or  lower  than  the  opti- 
mum will  result  in  a  reduction  in  volume. 
Also  known  as  critical  speed. 

e.  Design  speed. — A  speed  selected 
for  purposes  of  design  and  correlation  of 
those  features  of  a  highway,  such  as 
curvature,  superelevation,  and  sight  dis- 
tance, upon  which  the  safe  operation  of 
vehicles  is  dependent.  It  is  the  highest 
continuous  speed  at  which  individual 
vehicles  can  travel  with  safety  upon  a 
highway  when  weather  conditions  are 
favorable,  traffic  density  is  low,  and  the 
design  features  of  the  highway  are  the 
governing  conditions  for  safety. 

f.  Operating  speed. — The  highest 
over-all  speed  exclusive  of  stops  at  which 
a  driver  can  travel  on  a  given  highway 
under  prevailing  conditions  without  at 
any  time  exceeding  the  design  speed. 

g.  Speed  difference. — The  difference 
in  the  speeds  of  two  successive  vehicles 
moving  in  the  same  direction. 

ft.  Average    speed    difference. — The 

average  of  the  speed  differences  for  all 

components  of  traffic  on  a  given  roadway 

during  a  specified  period  of  time. 

2.  Delay. — The  time  consumed  while  traffic 

or  a  specified  component  of  traffic  is  impeded 

in  its  movement  by  some  element  over  which 

it    has    no    control.       Usually    expressed    in 

seconds  per  vehicle. 

a.  Fixed  delay. — The  delay  to  which 
vehicles  are  subjected  during  light  traffic 
volumes  or  low  densities.  TheMelays 
experienced  by  a  lone  vehicle  as  a  result 
of  traffic  signals  or  stop  signs  are  fixed 
delays. 

b.  Operational  delay. — The  delay 
caused  by  the  interference  between  com- 
ponents of  traffic.  The  difference  be- 
tween travel  times  over  a  route  during 
extremely  low  and  high  traffic  volumes, 
and  the  time  consumed  while  waiting  at 
a  stop  sign  for  cross  traffic  to  clear,  are 
operational  delays.  Time  losses  result- 
ing from  congestion,  from  interference 
with  parking  vehicles,  and  from  turning 
vehicles  are  also  examples  of  operational 
delays. 


3.  Headway. — The  interval  of  time  be- 
tween individual  vehicles  moving  in  the  same 
lane  measured  from  head  to  head  as  they 
pass  a  given  point. 

a.  Average  headway. — -The  average  of 
the  headways  for  vehicles  on  a  given 
roadway  during  a  specified  period  of 
time. 

h.  Minimum  headway. — The  existing 
headway  when  successive  vehicles  are 
moving  as -closely  together  as  practical 
under  prevailing  conditions. 

4.  Stopping  distance: 

a.  Vehicle  stopping  distance. — The 
distance  traveled  between  the  point  at 
which  the  driver  contacts  the  braking 
controls  and  the  point  at  which  the 
vehicle  comes  to  rest. 

b.  Braking  distance. — The  total  dis- 
tance traversed  by  a  vehicle  while  it  is 
being  brought  to  rest,  measured  from 
the  position  of  the  vehicle  at  the  instant 
the  brake  shoe  touches  the  brake  drum. 

c.  Driver  stopping  distance. — The 
total  distance  traversed  by  a  vehicle 
while  it  is  being  brought  to  rest,  measured 
from  the  position  of  the  vehicle  at  the 
instant  the  driver  has  an  opportunity 
to  perceive  that  he  should  stop  his 
vehicle  as  quickly  as  possible.  Includes 
the  distance  traveled  during  driver  per- 
ception and  reaction  time. 

5.  Weaving. — The  act  performed  by  a 
vehicle  in  moving  obliquely  from  one  lane 
to  another,  thus  crossing  the  path  of  other 
vehicles  moving  in  the  same  direction. 

6.  Merging. — The  process  by  which  drivers 
in  two  separate  traffic  streams  moving  in  the 
same  general  direction  combine  or  unite  to 
form  a  single  stream. 

7.  Volume.  —  The  number  of  vehicles 
moving  in  a  specified  direction  or  directions 
on  a  given  lane  or  roadway  that  pass  a 
given  point  during  a  specified  period  of  time, 
viz.,  hourly,  daily,  yearly,  etc. 

a.  Average  annual  daily  volume. — 
The  total  yearly  volume  divided  by  the 
number  of  days  in  the  year;  commonly 
abbreviated  as  ADT. 

b.  Maximum  annual  hourly  vol- 
ume.— The  highest  hourly  volume  that 


Road  types:  A  turn-out  lane  on  a  freeivay 
{New  Jersey  Route  100).  The  telephone 
booth  is  well  patronized. 
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occurs  on  a  given  roadway  in  a  desig- 
nated year. 

c.  Tenth  highest  annual  hourly 
volume. — The  hourly  volume  on  a  given 
roadway  that  is  exceeded  by  only  nine 
hourly  volumes  during  a  designated  year. 

d.  Twentieth,  thirtieth,  etc.,  high- 
est annual  hourly  volume. — The 
hourly  volume  on  a  given  roadway  that 
is  exceeded  by  19,  29,  etc.,  hourly  vol- 
umes during  a  designated  year. 

8.  Density. — The  number  of  vehicles  occu- 
pying a  unit  length  of  the  moving  lanes  of  a 
roadway  at  a  given  instant.  Usually  expressed 
in  vehicles  per  mile. 

a.  Average  density. — The  average 
number  of  vehicles  per  unit  length  of 
roadway  over  a  specified  period  of  time. 

b.  Critical  density. — The  density  of 
traffic  when  the  volume  is  at  the  possible 
capacity  on  a  given  roadway.  At  a  density 
either  greater  or  less  than  the  critical 
density  the  volume  of  traffic  will  be  de- 
creased. Critical  density  occurs  when 
all  vehicles  are  moving  at  or  about  the 
optimum  speed. 

9.  Variation  in  flow. — The  fluctuation  in 
traffic  volume  on  a  given  street  or  highway 
with  successive  periods  of  the  day,  month, 
season,  or  year. 

10.  Traffic  pattern. — A  tabular  or  graphical 
representation  of  the  fluctuation  in  traffic 
volume  over  a  specified  period  of  time.  The 
volume  during  the  increments  of  time  used 
in  the  pattern  may  be  expressed  as  numbers 
of  vehicles  or  as  the  percentage  which  these 
numbers  are  of  the  average  number  for  all  the 
increments  covered  by  the  pattern.  Different 
facilities  may  be  said  to  have  like  traffic  pat- 
terns if  identical  curves  result  when  traffic 
volumes  are  shown  as  a  percentage  of  the 
average  volume  for  the  period  covered  by  the 
pattern. 

a.  Daily  traffic  pattern. — A  traffic  pat- 
tern wherein  traffic  volumes  for  each  of  24 
consecutive  hours  are  shown.  If  the 
period  of  time  is  extended  to  include  168 
consecutive  hours  it  is  termed  a  daily 
traffic  pattern  for  1  week.  In  like  manner, 
daily  traffic  patterns  for  1  month,  1  year, 
or  any  other  period  of  time  may  be  ob- 
tained. 
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Road  types:  Intersection  on  an  expressway 
at  grade  having  an  added  turning  lane  for 
left-turning  vehicles.  Separated  turning 
lanes  for  right-turning  vehicles  are  visible 
at  the  left  of  the  picture. 
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Road  types:   Turn-out  lanes  on   an   expressway.      These   lanes   might  also  be  classed  as  a 

frontage  road. 


b.  Weekly  traffic  pattern. — A  traffic  pat- 
tern wherein  daily  traffic  volumes  for 
each  of  7  consecutive  days  are  shown. 
If  the  period  of  time  is  extended  to  include 
30  consecutive  days  the  pattern  is  termed 
a  weekly  traffic  pattern  for  1  month,  and 
if  volumes  for  365  consecutive  days  are 
shown  it  is  termed  a  weekly  traffic  pattern 
for  1  year. 

c.  Seasonal  traffic  pattern. — A  traffic 
pattern  wherein  the  average  daily  traffic 
volumes  for  each  of  several  consecutive 
months  or  seasons,  as  may  be  specified, 
are  shown. 

d.  Yearly  traffic  pattern. — A  tabular  or 
graphical  array  of  all  the  hourly  traffic 
volumes  in  1  year  arranged  in  descending 
order  of  their  magnitude,  either  as  numer- 
ical values  or  as  percentages  of  the  traffic 
on  the  average  day. 

IV.— LAND  USAGE  AND  DEVELOPMENT 
DEFINITIONS 

1.  Development: 

a.  Business  development. — Land  occu- 
pied predominantly  by  establishments 
used  in  the  transaction  of  business. 

b.  Residential  development.  —  Property 
which  is  in  the  main  improved  with  resi- 
dences. 

c.  Park-  development. — Land  which  is 
dedicated,  maintained,  and  used  for 
recreational  purposes. 

d.  Agricultural  development. — Culti- 
vated land  used  for  producing  agricultural 
products. 

2.  Area  or  locality: 

a.  Urban  area. — The  area  included 
within  and  adjacent  to  a  municipality  or 
other  urban  place  of  5,000_or  more  in 
population. 

b.  Downtown  area,. — That  portion  of  a 
municipality  in  and  surrounding  a  busi- 
ness development  where  ordinarily  there 
are  large  numbers  of  pedestrians  and  a 
heavy  demand  for  parking  space  during 
periods  of  peak  traffic  or  a  sustained  high 


pedestrian  volume  and  a  continuously 
heavy  demand  for  parking  space  during 
business  and  industrial  employment 
hours.  This  definition  applies  to  indus- 
trial and  business  areas  outside  of,  as  well 
as  those  within,  the  central  part  of  a 
municipality. 

c.  Intermediate  area. — That  portion  of  a 
municipality  which  is  outside  of  a  down- 
town area  but  generally  within  the  zone 
of  influence  of  a  business  development, 
characterized  by  moderately  heavy  pedes- 
trian traffic  and  a  somewhat  lower  park- 
ing turn-over  than  is  found  in  a  downtown 
area. 

d.  Outlying  area. — A  residential  de- 
velopment, or  a  mixture  of  residential 
and  commercial  establishments,  within 
the  outer  fringe  of  a  metropolitan  area, 
characterized  by  few  pedestrians  and  a 
low  parking  demand  or  turn-over. 

e.  Rural  area. — Any  area  not  within  a 
town,   city,  or  metropolitan  area. 
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Directional  separator 206c 

Distance,  sight- 2086 

Divided  road 207a 

Division  line 208c 

Divisional  island 2096 

Downtown  area 2116 

Driver  stopping  distance 210c 

Entrance  turn _ __. 2086 

Exit,  intersection 207c 

Exit  turn 2086 

Expressway .__ 206a 

First  lane  (see  Right  lane) 207a 

Fixed  delay... 2106 

Flexible  progressive  system .  209a 

Four-way  intersection 207c 

Freeway... 206a 

Free-wheeled  vehicle 209c 

Frontage  roadway.. _ 2066 

Grade  separation,  highway 203a 

Headway 210c 

Average _ 210c 

Minimum 210c 

Highway  (see  Road) '_  205c 

Arterial 206a 

Major--- - 206a 

Through    - 206a 

Highway  grade  separation.- 20Sa 


2  Columns  are  indicated  as  a,  left-hand  column;  6,  center 
column;  and  c,  right-hand  column. 


Index  of  Definitions 
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Independent  control 209a 

Inner  loop-. fU8a 

Insert |08c 

Interchange,  traffic 7:,, 

Intermediate  area --  --  211c 

Intersection.-. 2070 

Four-way 207c 

Multiway -     207c 

Oblique  (see  Four"  --  207c 

Right-angled  (see  Four-way  intersection) 207c 

Rotary.. -  207c 

T  (see  Three-way  inn ■■      ition) 207c 

Three-way.. _ 207c 

Y  (see  Three-way  intersection) 207c 

Intersection  approach --  207c 

Intersection  exit - 207c 

Intersection  leg.- --- 207c 

Interval. 209a 

Island: 

Channelizing 2095 

Divisional 2096 

Loading. 2096 

Pedestrian --- 2096 

Rotarv.. - 2096 

Traffic — 2096 

Lane: 

Added  turning 2076 

Car-track - 2076 

Center 2076 

First  (see  Right  lane) 207a 

Left 207a 

Left  turn. 2076 

Parking — - 2076 

Right 207a 

Right  turn 2076 

Second 2076 

Separated  turning --  2076 

Third - -  2076 

Traffic --- 207a 

Turn-out 2076 

Lane  line 208c 

Lane  separator -. --- 206c 

Left  lane - 207a 

Left-turn  lane - - 2076 

Leg,  intersection 207c 

Line: 

Barrier 208c 

Center 208c 

Division - 208c 

Lane 208c 

Lip  curb.. - 2066 

Loading  island 2096 

Loading  zone  (see  Safety  zone).. 2096 

Local  road _ 206a 

Local  strebt 206a 

Loop,  inner 208a 

Major  highway 206a 

Major  street 206a 

Manual  control - 209a 

Markings: 

Directional  pavement 208c 

Word - 208c 

Maximum  annual  hourly  volume 210c 

Median  (see  Directional  separator) 206c 

Merging 210c 

Minimum  headway 210c 

Motorbus 209c 

Multilane  road 207a 

Multiway  intersection _ _ 207c 

Oblique  intersection  (see  Four-way  intersection) 207c 

Odd-lane  road... 207a 

One-way  road.. 207a 

Operating  speed 2106 

Operational  delay 2106 

Optimum  speed 210a 

Outer  connection 208a 

Outer  separator. 206c 

Outlying  area. _  211c 

Over-all  speed _  210a 

Average 210a 

Park  development 2116 

Parking  lane 2076 

Parkway - 206a 

Passenger  car _ _ 209c 

Passingsight distance 208c 

Pattern,  traffic _ 211a 

Pavement *..  2066 

Pavement  marking,  directional .  208c 

Pedestrian  island 2096 

Phase 209a 

Possible  capacity  - 204c 

Practical  capacity 205a 

Progressive  system _ _.  209a 

Ramp,  access 208a 

Residential  development-   ...  2116 

Restricted  sight  distance; 

Passing _ 208c 

Stopping _._ 208c 

Restrictive  sight  distance 208c 

Right-angled  intersection  (see  Four-way  intersection)  207c 

Right  lane 207a 

Right-turn  lane 2076 

Road.. _ "~  205c 

Divided. 207a 

Local 206a 

Multilane .      _         _  207a 

Odd-lane.. _. '_'_'_  207a 

One-way .___ 207a 

Three-lane 207a 

Two-way...    _'_'_'_'_  207a 

Two-lane 207a 


Page  2 
Road— Continued 

Undivided-.. 207a 

Roadway _.  2066 

Roadway,  frontage _.  2066 

Rolled  curb 206c 

Rotary  intersection 207c 

Rotary  island 2096 

Rural  area ._ 211c 

Safety  zone _ 209a 

Seasonal  traffic  pattern. ___ 2116 

Second  lane 2076 

Section,  weaving _ 2086 

Separated  turning  lane 2076 

Separation,  highway  grade - 208a 

Separator 206c 

Directional _ _ 206c 

Lane 206c 

Outer _ 206c 

Service  roadway  (see  Frontage  roadway) 2066 

Shoulder _.  2066 

Sight  distance _ 2086 

Passing 208c 

Restricted 208c 

Restrictive 208c 

Stopping 208c 

Sign: 

Stop 209a 

Traffic 208c 

Signal,  traffic 209a 

Simultaneous  system _ 209a 

Sloped  curb 2066 

Speed 210a 

Average 210a 

Critical  (see  Optimum  speed) 2106 

Design 2106 

Operating... 2105 

Optimum 210a 

Over-all. 210a 

Speed  change  area 206c 

Speed  difference 2106 

Speed  difference,  average 2106 

Stopping  distance 210c 

Driver 210c 

Vehicle 210c 

Stopping  sight  distance 208c 

Stop  sign _ ._ 209a 

Street  (see  Road) 205c 

Local 206a 

Major 206a 

Through _ 206a 

Streetcar 210a 

System: 

Alternate 209a 

Flexible  progressive.. _._ 209a 

Progressive 209a 

Simultaneous _._ 209a 

T  intersection  (see  Three-way  intersection) 207c 

Tenth  highest  annual  hourly  volume 211a 

Third  lane  (see  Second  lane) 2076 

Thirtieth  highest  annual  hourly  volume--. 211a 

Three-lane  road 207a 

Three-wav  intersection 207c 

Through  band 209a 

Through  street  or  Through  highway 206a 

Trackless  trolley  (see  Trolley  coach) 209c 

Traffic 209c 

Traffic-actuated  control 209a 

Traffic  circle  (see  Rotary  intersection). 208a 

Traffic  control  device 208c 

Traffic  interchange... 208a 

Traffic  island 2096 

Traffic  lane 207a 

Traffic  pattern 211a 

Traffic  sign _  208c 

Traffic  signal 209a 

Trolley  coach 209c 

Trolley,  trackless  (see  Trolley  coach) 209c 

Turn: 

Entrance - 2086 

Exit 2086 

Turning  lane: 

Added— 2076 

Separated. 2076 

Turn-out  lane 2076 

Twentieth  highest  annual  hourly  volume -.  211a 

Two-way  road 207a 

Two-laneroad 207a 

Undivided  road 207a 

Urban  area - 2116 

Variation  in  flow _._ -  211a 

Vehicle 209c 

Commercial 209c 

Free  wheeled 209c 

Vehicle  stopping  distance 210c 

Vertical  curb.... 2066 

Volume 210c 

Average  annual  daily. __ 210c 

Maximum  annual  hourly. 210c 

Thirtieth  highest  hourly 211a 

Weaving 210c 

Weaving  section 2086 

Weekly  traffic  pattern _. 2116 

Word  markings -  208c 

Y  intersection  (see  Three-way  intersection) 207c 

Yearly  traffic  pattern _ 2116 

Zone: 

Loading  (see  Safety  zone) 2096 

Safety. - 209a 
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Part  II.— Maximum  Observed  Traffic  Volumes 


Introduction 


One  method  for  determining  the  load-carry- 
ing ability  of  a  machine  or  material  is  to  apply 
stresses  in  successive  increments  of  known 
quantity  until  the  item  being  investigated  is 
no  longer  able  to  support  the  burden  imposed 
on  it.  In  the  industrial  laboratory  the 
strength,  or  capacity,  of  a  test  sample  is  usually 
determined  by  loading  it  to  destruction,  the 
greatest  load  it  will  support  being  its  capacity. 
The  highway  engineer  has  at  his  disposal  a 
comparable  means  for  measuring  the  ability 
of  a  roadway  to  accommodate  traffic.  His 
laboratory  extends  throughout  the  country 
and  his  test  samples  are  the  many  sections  of 
highway  that  are  repeatedly  exposed  to  the 
maximum  load  they  can  possibly  bear.  His 
tools  are  a  simple  traffic  counter  and  a  time- 
piece. Because  this  is  perhaps  the  earliest 
applied  of  all  methods  for  studying  highway 
capacity,  it  is  fitting  that  some  of  the  results 
obtained  by  this  means  be  introduced  early 
in  a  discussion  of  the  subject. 

The  analogy  between  the  laboratory  and 
the  highway  fails  in  one  very  important  re- 
spect: In  the  laboratory  the  conditions  under 
which  the  test  is  made  can  be  carefully  con- 
trolled, whereas  the  traffic  engineer  cannot 
readily  alter  either  the  roadway  or  traffic 
conditions  that  are  prevalent  during  his  test. 
He  must  note  these  conditions  arid  make 
compensatory  adjustments  for  the  deviations 


Arlington  Memorial  Bridge,  Washington,  D.  C.  Low-speed  approaches,  lanes  less  than  12 
feet  wide,  and  high  curbs  limit  the  possible  capacity  of  this  roadway  to  about  4,000 
vehicles  per  hour  in  one  direction. 


from  "standard"  if  his  results  are  to  be  of  any 
value.  Because  of  failure  to  do  this  or  to 
make  similar  adjustments  in  later  applications 
of   the    data,    the    results    obtained    by    this 


method   have   met   with    varyin 
success. 


;  degrees   of 
Tivo-  and  Three-Lane  Roads 


Table  2. — Maximum  observed  hourly  volumes  on  two-lane  roads 


Route  and  location 


Colorado  St.  Bridge,  Pasadena,  Calif.. 

Sumner  Tunnel,  Boston,  Mass 

Posey  Tube.  Alameda,  Calif 

U  S  3,  Manchester,  N.  H 

U  S  45,  Lihertyville,  111.  (31  m.p.h.). 

Lincoln  Tunnel  (1940).  New  York 

U  S  1,  Old  Lyme,  Conn 

U  S  27,  north  of  Jet.  Route  21,  Mich._ 

U  S6.  West  Hartford,  Conn 

State  Route  17,  northwest  of  Goshen,  N.  Y 

Shirley  Highway  (October  1044),  at  Glebe  Road,  Va.  (27  m.p.h.) 

Baltimore- Washington  Blvd.,  Maryland 

State  Route  9,  Middletown,  Conn 

L  <v  N  Bridge,  Cincinnati,  Ohio 

U  S  285,  near  State  Route  75,  Denver,  Colo 

State  Route  87,  Fayetteville,  N.  C 


Average 
lane  width 


Fe't 
14.0 
10.8 
11.5 
10.0 
9.0 
10.8 
11.5 
10.0 
10.0 
10.0 
12.0 
10.0 
10.0 
7.0 
9.0 
11.0 


Vehicles  per  lane  per  hour 


In  one  lane 


1,710 
"1,406" 

"l,  510 

1,152 
1,135 

"1,251" 

1,127 

988 
836 
750 


Average  for 
all  lanes 


1,215 

1,200 

1,350 

944 

904 

"§87" 
850 
830 
801 
752 
751 
714 
575 


Table  3. — Maximum  observed  hourly  volumes  on  three-lane  roads 


Route  and  location 


State  Route  35,  Laurence  Harbor,  N.  J.. 

State  Route  27,  Rahway,  N  J 

State  Route  27,  West  Scott  Ave.,  Rahway,  N.  J 

TT  S  1,  Danvcrs,  Mass.    

State  Route  29,  Union  County,  N.  J 

State  Route  42,  Camden  County,  N.  J 

U  S40.  Richmond.  Calif 

State  Route  17,  Carlstadt,  N.  J - 

U  S  101.  Oceanside,  Calif   

State  Route  3,  Quincy,  Mass.. 


Average 
lane  width 


Feet 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 


Vehicles  per  hour 


In  one 
direction 


2,250 
1,905 
1,814 
1,526 
1,511 
1,391 

"i,"i97" 

"""926" 


Average  for 
all  lanes 


1,021 
761 
724 
664 
757 
664 
653 
633 
632 
568 


Tables  2,  3,  and  4  show  the  maximum 
hourly  volumes  that  have  been  observed  on  a 
number  of  important  highway  facilities  when 
the  traffic  flow  was  continuous.  In  each 
table  the  maximum  traffic  volume  for  one  lane 
and  for  the  average  lane  is  shown.  Values 
under  the  heading  "In  one  lane"  represent  the 
maximum  hourly  volumes  recorded  for  a  single 
lane,  except  that  for  three-lane  roads  they 
represent  the  maximum  hourly  volumes  for 
one  direction  of  travel.  The  "Average  for  all 
lanes"  is  for  both  directions  of  travel  on  a  two- 
or  three-lane  roadway  and  for  all  lanes  in  one 
direction  of  travel  on  a  multilane  roadway. 
The  highest  observed  volume  for  one  lane  may 
or  may  not  have  occurred  at  the  same  time 
as  the  highest  observed  volume  for  the  average 
lane. 

The  highest  volume  recorded  for  a  two-lane 
roadway  is  1,350  vehicles  per  lane  in  the  Posey 
Tube  at  Alameda,  Calif.  A  maximum  volume 
of  1,710  vehicles  in  one  lane  has  been  observed 
on  the  Colorado  Street  Bridge  in  Pasadena, 
Calif.  The  roadway  width  of  the  latter  in 
28  feet  and  therefore  might  have  been  used, 
to  some  extent  at  least,  as  three  lanes.  Several 
other  two-lane  roadways  have  accommodated 
volumes  exceeding  1,000  vehicles  per  hour  in 
one  direction  but,  as  far  as  is  known,  these 
two  facilities  and  the  Sumner  Tunnel  arc  the 
only  two-lane  facilities  that  have  accommo- 
dated  an  average  of  more  than  1,000  vehicles 
per  hour  per  lane  or  a  total  volume  exceeding 
2,000  vehicles  per  hour. 
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Lake  Shore  Drive,  Chicago,  operating  uilh 
six  lanes  in  the  direction  of  heavier  traffic 
movement.  Separators  between  pairs  of 
lanes  can  he  raised  or  loitered  at  will,  thus 
affording  great  flexibility  in  meeting 
traffic  needs  during  various  periods  of  the 
day. 


Particular  attention  is  called  to  the  volume 
for  the  Baltimore-Washington  Boulevard  as 
shown  in  table  2.  Several  articles  on  highway 
capacity  incorrectly  report  that  1,502  vehicles 
per  lane  were  observed  in  1  hour  on  this 
facility  when  it  was  a  two-lane  road.  Exami- 
nation of  the  original  material  reveals,  how- 
ever, that  this  figure  was  the  total  for  both 
lanes  and  not  for  each  lane.  Similarly,  many 
articles  show  the  capacity  of  the  Holland 
Tunnel  as  2,000  vehicles  per  lane  per  hour. 
Actually,  the  Holland  Tunnel  has  never  carried 
more  than  a  total  of  2,505  vehicles  in  two 
lanes,  or  an  average  of  1,253  vehicles  per  lane 
per  hour,  as  shown  in  table  4.  Since  each  tube 
of  the  Holland  Tunnel  is  a  two-lane,  one- 
directional  facility,  it  is  classed  as  a  four-lane 
road. 

A  special  attempt  was  made  to  obtain  counts 
showing  high  hourly  volumes  on  three-lane 
roads.  Only  one  example  was  found,  how- 
ever, of  a  three-lane  road  with  a  peak  hourly 
volume  exceeding  3,000  vehicles,  or  1,000 
vehicles  per  lane  per  hour.  On  many  three- 
lane  facilities,  average  annual  volumes  in 
excess  of  12,000  vehicles  per  day  have  been 
recorded.  In  one  case  the  annual  average 
24-hour  volume  was  19,040  vehicles  per  day. 
Even  with  these  high  daily  volumes,  however, 
the  maximum  hourly  volumes  shown  in  table  3 
have  not  been  exceeded. 

Multilaiie  Facilities 

Only  two  multilane  facilities,  TJ  S  1  near  the 
airport  at  Newark,  N.  J.,  and  Grand  Central 
Parkway,  New  York  City,  both  with  four-lane 
divided  roads,  have  been  reported  as  accom- 
modating in  excess  of  2,000  vehicles  per  lane 
per  hour  (table  4). 

The  Outer  Drive  in  Chicago  is  one  of  the  best 
illustrations  of  high  lane  capacities  on  a  road 
with  a  total  of  more  than  four  lanes.  It 
carries  in  the  neighborhood  of  1,500  vehicles 
per  lane  per  hour  nearly  every  day  during  the 
afternoon  rush  period.  Maximums  of  1,958 
vehicles  per  lane  when  operating  with  four 
lanes  in  each  direction  and  1,640  vehicles  per 
lane  when  operating  with  six  lanes  in  one 
direction  have  been  recorded. 
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Maximums  Cited  Are  Exceptional 

The  volumes  shewn  in  tables  2,  3,  and  4 
are,  in  most  cases,  the  possible  capacities  of 
those  particular  facilities.  They  are  maxi- 
mums that  have  been  recorded  only  once, 
although    the    tral  tnd    has    probably 

been  sufficient  to  reach  oi  exceed  these  same 
volumes  on  many  occasions.  Compared  with 
a  laboratory  test  of  a  number  of  identical 
samples  of  steel,  these  traffic  counts  corre- 
spond to  the  one  test  sample  that  would  yield 
under  a  heavier  load  than  all  the  others. 
Traffic  on  Memorial  Bridge  in  Washington, 
D.  C,  for  example,  has  been  counted  innu- 
merable times  when  the  bridge  was  unable 
to  accommodate  the  approaching  volume  of 
traffic,  thus  causing  traffic  to  back  up  on  the 
approaches  as  a  result  of  congestion  on  or  near 
the  bridge.  During  hundreds  of  such  obser- 
vations this  bridge  carried  no  more  than  3,600 
vehicles  per  hour  in  one  direction,  or  an  aver- 
age of  1,200  vehicles  per  lane.  On  one  occa- 
sion, however,  and  only  on  one  occasion  as  far 
as  is  known,   this  bridge   carried   a   total   of 


4,227  vehicles  in  one  direction,  or  an  average 
of  1,409  vehicles  per  lane. 

Furthermore,  the  data  included  in  tables 
2,  3,  and  4  were  selected  as  the  highest  group 
of  hourly  volumes  from  a  much  larger  list 
showing  maximum  observed  volumes  for 
facilities  that,  in  the  judgment  of  the  observer, 
were  loaded  to  their  capacity.  It  would 
therefore  be  technically  unsound  to  assume 
that  other  facilities  with  a  comparable  number 
of  lanes  would  have  the  same  capacities  as  the 
highest  or  even  the  average  of  these  few 
isolated  examples. 

The  maximum  observed  volumes  are  shown 
primarily  to  acquaint  the  reader  with  the  peak 
traffic  that  has  been  carried  on  some  of  the 
more  heavily  traveled  routes  throughout  the 
country.  They  are  also  intended  to  illustrate 
the  wide  range  in  capacities  of  facilities 
seemingly  alike  in  type  but  actually  having 
wide  differences  in  their  physical  as  well  as 
traffic  characteristics.  The  reasons  for  these 
wide  differences  in  capacity  will  become  more 
apparent  as  the  subject  is  developed  in  suc- 
ceeding chapters. 


Table  4. — Maximum  observed  hourly  volumes  in  one  direction  on  multilane  roads 


Route  and  location 

Average  lane 
width  (feet) 

Vehicles  per  lane  per  hour 

In  one  lane 

Average  for 
all  lanes 

Four-Lane  Roads 

U  S  1,  Newark  Airport,  X.  .1....      

12.4 
11.0 
11.0 
8.0 

2,275 
2,194 
1,763 
1,566 
1,543 
1,508 
1,488 
1,350 
1,349 
1,264 
1,253 
1,246 

1,226 
912 
1,158 
1,136 
1,088 
1.061 
1,042 

Giand  Central  Parkway,  west  of  Parsons  Blvd.,  N.  Y__ 

TJ  S  73  and  75,  Omaha,  Xebr.  (34  m.p.h.) 

Cross  Bay  Blvd.,  Queens,  X.  Y 

2,275 

Express  Highway,  St.  Louis,  Mo.__  . 

1,956 
1,620 
1,861 

Fourteenth  St.  Bridge,  Washington,  D.  C.  (27  m.p.h.).. 
Queensboro  Bridge,  upper  roadway,  New  York,  N.  Y 

Sunrise  Highway,  at  Cross  Bay  Blvd.,  X.  Y 

io.  n 

11.25 

10.0 

11.25 

10.0 

10.0 

10.7 

11.25 
8.75 
13.0 
10.0 
10.0 
10.0 
10.0 

Outer  Drive,  Chicago,  111 

1,395 

Southern  State  Parkway,  Troopers  Lodge,  X.  Y. 

Holland  Tunnel,  Xew  York,  X.  Y.  (28  m.p.h.)... 
Edison  Bridge,  South  Amboy,  X.  J... 

1.404 

Manhattan  Bridge,  Xew  York,  X.  Y.: 
Upper  roadway. 

1,884 

Lower  roadway 

Merritt  Parkway,  Greenwich,  Conn 

Northern  State  Parkway,  Troopers  Lodge,  N.  Y 

Broadway  Bridge,  Portland,  Oreg 

Williamsburg  Bridce,  Xew  York,  N.  Y 

U  S  20,  Oxford,  Mass 

Five-Lane  Roads 

Superior  Bridge,  Cleveland,  Ohio 

10.0 

10.2 
10.2 

1,  557 

1,292 
1,195 

Queensboro  Bridge,  Xew  York,  N.  Y.: 
Lower  roadway,  two  lanes  one-way 

1,720 

Lower  roadway,  three  lanes  one-way.. 

Six-Lane  Roads 

Henry  Hudson  Parkway,  New  York,  X.  Y_^ 
Oakland  Bay  Bridge,  San  Francisco,  Calif 

11.0 
9.7 
11.6 
10.0 

10.7 
8.0 
9.4 
10.0 
12.5 
9.5 
9.3 

io.  o 

11.3 
11.0 

1,666 

1,538 

1,435 

1,  409 

1,367 

1,320 

1,285 

1,241 

1,  US 

938 

903 

768 

746 

678 

Leif  Eriksen  Drive,  Chicago,  111 

Memorial  Bridge  (30  m.p.h.)  Washington,  D.  C 

Arroyo  Seco  Parkway,  Los  Angeles,  Calif 

George  Washington  Bridge,  New  York,  N.  Y 

Delaware  River  Bridge,  Camden,  N.  J.  (four  lanes  one-way) 
Superior  Bridge  (12.5  m.p.h.),  Cleveland,  Ohio.   . 

1,530 

Michigan  Ave.,  Chicago,  111 

Carnegie  Ave.,  Cleveland,  Ohio. 

1,11 '.IS 

1,111 

Aurora  Bridge,  Seattle,  Wash 

Bumside  Bridge,  Portland,  Oreg 

U  S  1,  Saugus,  Mass. 

Davison  Expressway,  Det ,  Mich 

1,013 

Eight-Lane  Roads 

Outer  Drive  (37  m.p.h.).  Chicago,  111 

12.1 

12.1 

12.3 

12.5 

11.7 

11.25 

10.0 

2,  155 

1,958 
1,519 
2,155 
2,081 
2,077 
1,640 
1,  463 

Curb  lane  (32  m.p.h.) 

Second  lane  (35  m.p.h.) 

Third  lane  (40  m.p.h.) 

i  2, 174 

Fourth  lane  (40  m.p.h  ) 

Six  lanes  one-way 

Figueroa  Freeway,  Los  Angeles,  Calif 

'The  maximum  in  curred  when  the  average  lane  carried  only  1,681  vehicles  per  hour. 
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Part  III. — Fundamentals  of  Highway  Capacity 


Introduction 

The  subject  of  street  and  highway  capacity 
is  not  readily  understood  without  a  knowledge 
of  the  various  factors  which,  either  singly  or 
in  combination,  affect  the  movement  of  ve- 
hicles. Principles  of  physics,  dynamics, 
hydraulics,  and  the  laws  of  various  sciences 
have  been  applied  from  time  to  time  to  the 
movement  of  traffic  with  varying  degrees  of 
success.  Although  some  of  these  laws  are 
pertinent  to  traffic  flow,  a  thorough  knowledge 
of  traffic  movement  has  required  the  develop- 
ment of  new  principles. 

Few  drivers,  if  any,  operate  their  vehicles 
in  identically  the  same  manner  or  react 
exactly  the  same  under  similar  conditions. 
It  is  impossible,  therefore,  to  predict  the  effect 
of  various  roadway  and  traffic  conditions  on 
an  individual  driver.  It  has  been  found, 
however,  that  the  combined  effect  on  traffic 
as  a  whole  can  be  predicted  with  reasonable 
accuracy.  This  chapter  is  devoted  to  a  few 
of  the  principles  of  traffic  flow  which  relate  to 
highway  capacity. 

Vehicle  Spacings  at    Various  Speeds 

All  drivers  do  not  maintain  the  same  dis- 
tance spacing  to  the  vehicle  ahead  when  trail- 
ing at  a  given  speed.  In  fact,  the  same  driver 
in  congested  traffic  will  follow  at  different 
distances  depending  on  the  surroundings  and 
his  ability  to  match  the  speed  of  the  preceding 
vehicle.  Figure  2  shows  the  minimum  distance 
spacings  allowed  by  the  average  driver  at 
different  speeds  for  a  few  conditions.  Similar 
curves  based  on  thousands  of  observations  for 
other  conditions  could  be  presented.  The 
curves  in  figure  2  are,  however,  sufficient  to 
show  that  the  average  driver  increases  the 
distance  spacing  between  vehicles  as  his  speed 
increases  and  that  the  spacing  is  also  influ- 
enced by  the  characteristics  of  the  highway. 


Relation    Between    Speed  and   Basic 
Roadway  Capacity 

Using  the  data  shown  in  figure  2,  it  is  possi- 
ble to  determine  the  maximum  number  of 
passenger  cars,  one  behind  the  other,  that  can 
pass  a  point  in  1  hour  at  any  given  speed  if 
this  given  speed  is  maintained  by  all  vehicles. 
This  is  shown  by  figure  3.  These  curves  have 
numerous  practical  applications  if  used  cor- 
rectly. Under  actual  operating  conditions  it  is 
possible  to  attain  the  traffic  volumes  shown 
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for  two-lane  roads  in  one  of  the  two  lanes,  but 
only  upon  the  condition  that  there  is  no  on- 
coming traffic  in  the  other  of  the  two  lanes. 
Where  traffic  is  moving  in  both  directions  on  a 
two-lane  road  the  combined  volume  in  the 
two  lanes  may  equal  the  values  shown  in 
figure  3.  In  fact,  the  total  traffic  volume  over 
a  section  of  two-lane,  two-way  road  more  than 
a  few  hundred  feet  long  cannot  exceed  2,000 
vehicles  per  hour  regardless  of  the  distribu- 
tion of  traffic  by  directions.  Likewise,  the 
traffic    volumes   shown    for    three-lane   roads 
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Figure  2. — Minimum  spacings  allowed  by  the  average  driver  when  trailing  another  vehicle, 

at  various  speeds. 
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SPEED    OF  ALL    TRAFFIC-MILES    PER    HOUR 
Figure  3.— Maximum  capacity  of  a  traffic  lane,  based  on  average  spacings  between  pairs  of 

vehicles  traveling  at  the  same  speed. 


can  be  attained  in  only  two  of  the  three  lanes. 
In  the  case  of  four-lane  roads,  however,  it  is 
possible  to  attain  the  volumes  as  shown  by 
figure  3  in  each  of  the  traffic  lanes  during  the 
same  time  period. 

The  relation  between  average  speed  and 
traffic  volume  as  shown  by  figure  3  holds  true 
in  actual  practice.  The  highest  volumes  per 
lane  occur  on  roads  where  vehicles  travel  be- 
tween 30  and  40  miles  per  hour  at  the  time 
the  roads  are  accommodating  their  maximum 
possible  capacities.  For  example,  a  two-lane 
road  that  handles  its  highest  possible  capacity 
when  the  vehicles  are  traveling  15  miles  per 
hour  will  have  only  three-fourths  the  capacity 
of  a  road  that  handles  its  possible  capacity  at 
30  miles  per  hour.  Likewise,  the  road  that 
handles  its  possible  capacity  at  30  miles  per 
hour  will  only  be  able  to  handle  half  as  much 
traffic  whenever  some  abnormal  condition 
causes  the  drivers  to  reduce  their  speeds  to  9 
miles  per  hour.     Any  traffic  variable  or  any 
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Figure  4. — Frequency  distribution  of  travel  speeds  of  free-movin g  vehicles  on  level,  tangent 

sections  of  tivo-lane  rural  highways. 


roadway  condition  that  prevents  vehicles  from 
moving  safely  at  a  speed  of  30  miles  per  hour 
lowers  a  roadway's  capacity.  A  traffic  density 
exceeding  the  critical  density  is  one  of  these 
conditions. 

Drivers'  Desired  Speeds 

Drivers  are  influenced  in  the  selection  of 
their  vehicular  speeds  by  a  large  number  of 
variables,  such  as  the  condition  of  the  surface, 
the  traffic  density,  the  length  of  trip,  the  con- 
dition of  their  cars,  and  their  own  individual 
idiosyncrasies.  When  traffic  and  roadway 
conditions  are  such  that  drivers  can  travel  at 
whatever  speed  they  desire,  there  is  always  a 
wide  range  in  the  speeds  at  which  the  various 
individuals  operate  their  cars.  This  fact  is 
illustrated  by  the  typical  speed  distribution 
curves  shown  in  figure  4. 

Average  speeds  higher  than  those  shown  in 
figure  4  have  been  recorded,  particularly  on 
rural  multilane  highways  in  the  West  and 
Midwest,  and  at  one  location  an  average  speed 
of  58  miles  per  hour  for  passenger  cars  has 
been  reported.  It  is  uncommon,  however,  for 
the  average  speed  to  exceed  50  miles  per  hour 
even  during  very  light  traffic  densities.  Re- 
gardless of  what  the  average  speed  may  be, 
the  general  shape  of  the  speed  distribution 
curve  for  free-moving  vehicles  will  be  about 
the  same  as  for  the  curves  shown  in  figure  4. 
It  is  evident  from  this  information  that  com- 
paratively few  passenger-car  drivers  desire  to 
travel  at  speeds  which  equal  or  approach  the 
potential  speeds  of  their  vehicles  even  under 
the  most  favorable  highway  and  traffic  con- 
ditions. 

Effect   of   Traffic    Volume   on   Speed 

Prior  to  the  development  of  equipment  for 
accurately    measuring    the    relation    between 
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speed  and  traffic  volume,  it  was  commonly 
assumed  that  at  some  traffic  volume  below  the 
possible  capacity  of  the  street  or  highway  a 
slight  increase  in  traffic  volume  would  cause  a 
marked  reduction  in  the  average  vehicle  speed. 
Had  this  assumption  been  correct,  it  would 
have  provided  an  ideal  criterion  by  which  to 
determine  practical  capacities.  Investigations 
conducted  on  an  extensive  scale  have  definite- 
ly shown,  however,  that  there  is  a  straight-line 
relation  between  traffic  volume  and  average 
speed  when  other  conditions  are  identical  and 
the    critical  traffic  density   is  not   exceeded. 
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Figure  5  shows  this  relation  for  two  typical 
rural  conditions.  The  same  relation  between 
average  speed  and  traffic  volume  is  applicable 
to  routes  through  cities,  including  streets  with 
traffic  signals,  provided  that  the  traffic  densi- 
ties do  not  exceed  those  that  occur  when  the 
facility  is  accommodating  its  possible  capacity 
and  provided  also  that  other  influencing 
factors  are  constant. 

When  the  average  speed  is  reduced  as  a 
consequence  of  an  increase  in  traffic  volume, 
the  speed  distributions  change  in  the  manner 
shown  by  figure  6,  which  illustrates  conditions 
observed  on  a  typical  high-speed  highway. 
This  set  of  curves  shows  that  when  the  dis- 
tribution of  speeds  and  the  average  speed  are 
known  for  a  particular  traffic  volume  on  a 
given  route,  it  is  possible  to  predict  with  a  high 
degree  of  accuracy  the  speed  distributions 
for  other  average  speeds. 

Difference   in   Speed   a    Criterion    of 
Possible  Capacity 

The  range  in  the  speeds  of  individual  ve- 
hicles, at  a  point  where  the  traffic  flow  is  not 
interrupted  by  traffic  signals,  decreases  with 
an  increase  in  traffic  volume  as  shown  by 
figure  6.  With  little  traffic  on  the  highway, 
drivers  travel  at  their  desired  speeds.  As  the 
traffic  volume  increases,  individual  drivers 
are  affected  more  and  more  by  other  traffic. 
The  high-speed  drivers  obviously  are  affected 
to  a  greater  degree  than  the  lower-speed  drivers. 
When  the  traffic  volume  becomes  high  enough 
to  prevent  the  high-speed  drivers  from  passing 
the  low-speed  drivers,  all  traffic  must  move  at 
approximately  the  same  speed  and  the  average 
difference  in  speed  between  successive  ve- 
hicles will  approach  or  become  zero.  When 
this  occurs,  the  traffic  volume  has  reached  the 
possible  capacity  of  the  particular  facility 
under  the  prevailing  conditions  and  the  num- 
ber of  vehicles  per  unit  length  of  highway  will 
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Figure  6. — Typical  speed  distributions  at  various  traffic  volumes  on  level,  tangent  sections  of  tivo-lane,  high-speed 

existing  highways. 


then  equal  the  critical  density  for  that  highway. 
If  the  traffic  density  continues  to  increase 
there  will  be  a  marked  reduction  in  speed 
with  the  result  that  the  traffic  volume,  which 
is  the  product  of  the  density  and  the  speed, 
will  be  lowered  below  the  highway's  possible 
capacity. 

Extensive  studies  have  shown  that  on  facili- 
ties where  drivers  are  not  influenced  by  speed 
limits,  the  average  difference  in  speed  between 


successive  vehicles  decreases  as  a  straight 
line  relation  with  an  increase  in  traffic  volume 
until  the  traffic  volume  reaches  the  facility's 
possible  capacity  at  the  critical  density.  This 
finding  has  made  it  possible  to  determine  the 
effect  that  various  highway  features  and  traffic 
conditions  have  on  the  possible  capacities  of 
different  types  of  highway  facilities.  It  is  also 
possible  to  predict,  with  a  high  degree  of  ac- 
curacy,   the  capacity  of  a  particular  facility 


without  waiting  until  that  facility  becomes 
congested.  This  is  accomplished  by  plotting 
the  average  difference  in  speed  during  a  very 
low  traffic  density  and  during  a  somewhat 
higher  traffic  density  on  a  graph,  using  the 
traffic  volume  and  the  mean  difference  in 
speed  between  successive  vehicles  as  the  co- 
ordinate scales.  A  straight  line  going  through 
these  points  and  extended  to  the  point  at 
which  the  speed  difference  is  zero  will  indicate 
the  traffic  volume  representing  the  possible 
capacity. 


Vehicles  stopped  or  standing  on  the  pavement  not  only  deprive  other  traffic  of  a  usable 
portion  of  the  roaflway,  but  by  causing  a  reduction  in  speed  of  traffic  they  lower  the 
capacity  of  the  remaining  lanes. 
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Turn-out  lanes  permit  busses  to  stop  with 
little  or  no  interference  with  other  traffic. 
This  one  might  well  have  been  a  little 
wider. 
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Figure  7. — Speeds  and  speed  differences  on  a  typical  four-lane  divided  highway. 


When  calculating  the  mean  difference  in 
speed  between  successive  vehicles,  the  speeds 
of  individual  vehicles  are  first  separated  by 
direction  of  travel  and  then  arranged  in  the 
same  order  as  that  in  which  the  vehicles 
passed  a  given  point  on  the  highway,  regard- 
less of  the  number  of  lanes  for  each  direction 
of  travel.  The  difference  in  speed  is  then 
calculated  for  pairs  of  vehicles  using  each 
vehicle  first  as  the  following  vehicle  and  then 
as  the  leading  vehicle.  The  differences  are 
then  averaged  arithmetically,  disregarding 
the  algebraic  signs. 

For  two-way,  two-  and  three-lane  roads,  the 
means  for  the  two  directions  are  averaged  by 
weighting  according  to  the  number  of  vehicles 
n  each  direction  of  travel.  For  multilane 
highways,  the  mean  difference  in  speed  for  one 
direction  of  travel  is  never  combined  with  the 
corresponding  value  for  the  other  direction  be- 
cause the  resulting  figure  would  be  meaningless. 

Relation  Between  Speed  and  Traffic 
Volume 

The  cause  of  traffic  "tie-ups"  or  the  sudden 
occurrence  of  complete  congestion  on  a  facility 
can  be  explained  by  employing  the  average 
difference  in  speed  in  combination  with  the 
relation  between  speed  and  volume  as  shown 
by  figures  3  and  5.  The  change  in  the  average 
speed  and  the  change  in  the  mean  difference  in 
speed  between  successive  vehicles  with  an  in- 
crease in  traffic  volume  on  a  typical  four-lane 
divided  highway  without  a  speed  limit  are 
shown  by  the  solid  lines  of  figure  7.  Curve  1 
shows  that  the  average  difference  in   speed 


between  successive  vehicles  decreases  as  a 
straight  line  with  an  increase  in  traffic  volume 
until  at  a  total  volume  in  one  direction  of  3,900 
vehicles  per  hour,  the  possible  capacity  of  the 
two  lanes,  all  vehicles  are  moving  at  the  same 
speed. 

Curve  2  shows  that  the  average  speed  also 
decreases  from  48.5  to  32  miles  per  hour  with 
the  traffic  volume  increasing  to  3,900  vehicles 
per  hour.  On  similar  highways  with  an  en- 
forced speed  limit  of  50  miles  per  hour  the  aver- 
age speeds  and  the  mean  difference  between  the 
speeds  of  successive  vehicles  for  the  low  traffic 
volumes  would  be  as  shown  by  curves  3  and  4. 
That  is,  for  volumes  under  1,750  vehicles  per 
hour,  the  speed  limit  would  have  a  greater 
effect  on  speeds  than  would  the  traffic  densities. 

Possible   Range   of  Speeds  for   Each 
Volu  me 

Curve  5  is  based  on  the  combined  volumes  of 
the  two  curves  shown  in  figure  3  for  four-lane 
highways.  It  represents  the  lowest  possible 
speed  of  traffic  if  the  two  lanes  are  to  accom- 
modate the  various  total  traffic  volumes.  For 
example,  with  a  total  volume  of  2,000  vehicles 
per  hour  in  the  one  direction,  the  average 
speed  of  traffic  could  be  anywhere  between  10 
and  40  miles  per  hour.  With  an  average  of  40 
miles  per  hour,  there  would  be  a  wide  distri- 
bution of  speeds,  whereas  if  the  average  were 
10  miles  per  hour  all  vehicles  would  be  moving 
at  approximately  the  same  speed.  Should 
some  condition  cause  traffic  to  slow  to  less  than 
10  miles  per  hour,  the  traffic  capacity  of  the 
highway  would  become  less  than  2,000  vehicles 


per  hour  and  traffic  would  immediately  become 
badly  congested.  The  intersection  of  curve  5 
with  curve  2  at  point  B  represents  the  maxi- 
mum possible  capacity  of  the  roadway  under 
the  prevailing  conditions  and  is  the  maximum 
volume  that  can  occur  with  a  zero  difference  in 
speed  between  successive  vehicles.  The  dis- 
tance between  curves  2  and  5  is  a  direct  meas- 
ure of  the  range  in  average  speeds  that  can 
occur  at  the  different  total  traffic  volumes. 
The  various  distances  are  therefore  a  relative 
measure  of  the  safety  factor  present  to  prevent 
the  occurrence  of  complete  traffic  stagnation. 
Any  point  representing  the  relation  between 
speed  and  volume  must  fall  within  the  area 
between  these  two  curves. 

Traffic  Volume  Below  Possible  Ca- 
pacity When  Critical  Density  is 
Exceeded 

To  understand  why  complete  congestion  so 
often  occurs  when  a  highway  is  operating  at 
or  near  its  possible  capacity,  assume  that 
traffic  on  the  road  which  figure  7  represents 
has  gradually  increased  to  a  volume  of  3,900 
vehicles  per  hour  at  an  average  speed  of  32 
miles  per  hour.  Assume  also  that  this  traffic 
volume  is  approaching  a  point  on  the  highway 
where  drivers  suddenly  reduce  their  speeds  to 
20  miles  per  hour  because  vehicles  are  entering 
from  a  side  street.  The  capacity  of  the  high- 
way at  the  point  where  speeds  are  only  20 
miles  per  hour  cannot  exceed  3,250  vehicles 
per  hour  as  shown  by  curve  5.  Under  this 
condition,  vehicles  would  immediately  start  to 
accumulate  at  this  point  on  the  highway  at 
the  rate  of  650  per  hour,  causing  a  sudden 
increase  in  the  density  of  traffic.  If  the  ap- 
proach volume  of  3,900  vehicles  per  hour  and 
the  restricted  condition  existed  for  only  a  few 
seconds,  some  vehicles  would  be  required  to 
stop  and  the  traffic  volume  would  immediately 
drop  to  zero  at  this  point  on  the  highway,  as 
shown  by  curve  5.  The  queue  of  vehicles  at 
a  standstill  would  continue  to  increase  in 
length  until  the  volume  of  approaching  traffic 
dropped  to  no  more  than  3,250  vehicles  per 
hour  and  probably  not  until  the  approaching 
volume  had  dropped  to  3,000  vehicles  per 
hour.  (One  vehicle  every  2.4  seconds  has 
been  found  to  be  the  average  rate  at  which 
consecutive  vehicles  stopped  in  line  get  started 
again  when  there  is  an  open  road  ahead.) 

Even  though  the  cause  of  the  restriction 
lasts  but  a  few  seconds  or  minutes,  additional 
vehicles  might  continue  to  become  stopped  for 
a  considerable  time  after  the  cause  of  the 
restriction  had  been  removed.  These  vehicles 
would  form  a  queue  which  would  move  down 
the  highway  in  the  direction  opposite  to  that 
of  traffic  flow.  Queues  of  vehicles  at  a  stand- 
still have  been  observed  on  the  Oakland- Bay 
Bridge  and  the  Pulaski  Skyway  several  miles 
from  the  scene  of  the  original  restriction,  even 
though  traffic  was  apparently  operating  in  its 
normal  manner  between  the  queue  and  the 
place  where  the  queue  originally  started  to 
form. 
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Part  IV —Roadway  Capacities  for  Uninterrupted  Flow 


INTRODUCTION 

A  logical  sequence  for  presenting  the  avail- 
able capacity  material  would  consist  of  re- 
porting the  highest  traffic  capacities  attain- 
able under  ideal  conditions  and  then  showing, 
by  successive  steps,  the  quantitative  extent 
to  which  various  traffic  and  roadway  con- 
ditions affect  these  ultimate  capacity  values. 
That  is  the  procedure  followed  in  this  chapter. 
Basic  capacities  are  presented  for  the  three 
general  classes  of  highways:  two-lane,  three- 
lane,  and  multilane.  Possible  capacities  are 
then  discussed,  and  finally  a  suggested  pro- 
cedure is  outlined  for  arriving  at  practical 
capacities  for  roads  of  all  descriptions  where 
the  movement  of  traffic  is  uninterrupted  by 
intersections  or  junctions. 

As  a  source  of  information  for  this  report, 
results  are  available  from  studies  conducted 
by  man j'  individuals  and  organizations;  in 
particular,  those  for  the  comprehensive  studies 
of  the  dynamics  of  highway  movement  con- 
ducted by  the  Bureau  of  Public  Roads  in 
cooperation  with  State  highway  departments 
in  all  sections  of  the  country.  The  data 
obtained  and  analyzed  by  the  Bureau  of 
Public  Roads  alone  include  detailed  informa- 
tion such  as  individual  vehicle  speeds  and 
spacings  between  vehicles  under  actual  opera- 
ting conditions  at  approximately  500  loca- 
tions. During  the  periods  of  study  at  these 
locations  traffic  increased  from  comparatively 
low  densities  to  the  peak  densities  and  then 
decreased  to  a  low  level  again.  By  the  use  of 
special  electro-mechanical  equipment  designed 
and  built  especially  for  this  purpose,  detailed 
data  for  slightly  over  a  million  vehicles  have 
been  recorded  during  the  past  10  years 'for 
many  of  the  most  heavily  traveled  roads  in 
the  country. 

The  results  of  these  studies  have  been  sup- 
plemented by  investigations  of  motortruck 
performance,  including  grade-climbing  ability 
and  braking  or  stopping  distances;  studies  of 
the  driving  characteristics  of  various  classes 
of  motor- vehicle  operators;  studies  of  passing 
practices  on  two-lane  roads  in  which  detailed 
information  was  recorded  for  nearly  20,000 
passing  maneuvers;  and  studies  of  the  effect 
on  traffic  behavior  of  various  types  of  pave- 
ment markings  and  other  control  devices. 
These  studies  are  in  addition  to  the  periodic 
speed  studies  made  by  the  State  highway 
departments,  which  have  included  speed 
observations  on  2  million  vehicles  at  787 
locations  since  1939,  and  the  traffic  counts 
made  manually  and  by  hourly  recording 
electrical  counters  for  the  purpose  of  obtaining 
annual  and  peak  volumes  on  all  main  highways 
throughout  the  United  States. 

BASIC  CAPACITIES 

The  uninterrupted  flow  of  traffic  may 
generally  occur  only  on  urban  freeway 
facilities  and  on  the  sections  of  rural  highway 
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The  severe  congestion  here  illustrated  resulted  from  an  emergency  stop  of  one  vehicle  on 

the  bridge  in  background. 


that  are  removed  from  the  influence  of  inter- 
sections at  grade.  Even  on  these  facilities, 
however,  certain  traffic  and  roadway  con- 
ditions can  cause  an  interruption  of  the  norma! 
traffic  flow.  It  is  nevertheless  essential  in  a 
study  of  highway  capacity  to  know  the  capa- 
city of  a  facility  for  conditions  of  uninterrupted 
flow  in  order  that  proper  deductions  can  be 
made  for  conditions  that  cause  the  flow  to  be 
interrupted. 

Multilane  Roads 

The  largest  number  of  vehicles  that  can 
pass  a  point  one  behind  the  other  in  a  single 
traffic  lane,  under  the  most  ideal  conditions 
that  can  possibly  be  attained,  is  between 
2,000  and  2,200  passenger  cars.  So  far  as  is 
known,  hourly  lane  volumes  within  this  range 
have  been  recorded  at  not  more  than  two 
locations.  Volumes  only  slightly  over  2,000 
vehicles  per  hour  per  lane  have  been  recorded 
at  several  locations,  but  all  reports  of  lane 
capacities  in  excess  of  2,300  vehicles  per  hour 
have  proved  to  be  incorrect. 

Traffic  volumes  in  the  neighborhood  of  2,000 
vehicles  per  lane  per  hour  can  occur  only  if 
the  following  five  conditions  are  satisfied: 

1.  There  are  at  least  two  lanes  for  the  exclu- 
sive use  of  traffic  traveling  in  one  direction. 

2.  All  vehicles  move  at  approximately  the 
same  speed,  each  driver  being  restricted  to  the 
speed  of  the  vehicle  ahead.  This  speed, 
which  is  governed  by  the  need  of  the  slowest 
drivers,  must  be  between  30  and  40  miles  per 
hour. 

3.  There  are  practically  no  commercial 
vehicles. 

4.  The  width  of  traffic  lanes,  shoulders,  and 


clearances  to  vertical  obstructions  beyond  the 
edge  of  traffic  lanes  are  adequate. 

5.  There  are  no  restrictive  sight  distances, 
grades,  improperly  superelevated  curves,  inter- 
sections, or  interferences  by  pedestrians. 

Since  these  conditions  can  be  satisfied  on  a 
multilane  facility,  the  maximum  number  of 
passenger  cars  that  can  pass  a  given  point 
during  1  hour  under  the  most  nearly  ideal 
roadway  and  traffic  conditions  which  can 
possibly  be  attained,  or  the  basic  capacity  of 
multilane  roads,  is  2,000  passenger  cars  per 
lane  per  hour. 

It  has  been  rather  widely  assumed  that  the 
capacity  of  multilane  facilities  decreases  with 
an  increase  in  the  number  of  lanes.  This  i< 
not  necessarily  true.  The  Outer  Drive  in 
Chicago,  for  example,  with  its  eight  lanes,  is 
one  of  the  most  efficient  facilities.  It  has 
accommodated  an  average  of  1,958  vehicles 
per  lane  per  hour  in  the  one  direction  of 
travel  during  several  periods  when  manual 
counts  were  being  conducted.  The  provision 
of  adequate  access  and  egress  facilities  such 
that  the  full  capacity  of  all  traffic  lanes  can 
be  utilized,  however,  becomes  increasingly 
difficult  as  the  total  number  of  lanes  is  in- 
creased. 

Three-lane  roads 

On  two-  and  three-lane  roads  there  are  not 
two  lanes  for  the  exclusive  use  of  traffic  travel- 
ing in  the  one  direction.  The  character  of 
operation  is  therefore  entirely  different  on 
these  roads  from  that  on  multilane  highways, 
since  vehicles  performing  passing  maneuvers 
are  forced  to  use  a  traffic  lane  that  is  provided 
for  vehicles  traveling  in  the  opposite  direction. 
Consequently,   the   basic   capacities   of  two- 
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fill  the  two  outside  lanes  by  utilizing  the  center 
lane  for  passing,  thus  filling  the  long  gaps  that 
would  other*  i  between  vehicles  in  the 

outside  lanes  ahead  of  slow-moving  vehicles. 
Likewise,  it  is  only  when  there  is  little  or  no 
I  rathe  in  the  one  direction  that  the  one  outside 
lane  and  the  center  lane  can  become  filled  with 
vehicles  traveling  in  the  other  direction  so 
that  the  characteristics  of  the  flow  may  be- 
come similar  to  those  in  one  direction  on  a 
four-lane  highway.  The  basic  capacity  of  a 
three-lane,  two-way  road  is  therefore  4,000 
passenger  cars  per  hour  or  an  average  of  1,333 
passenger  cars  per  lane  per  hour.  The  basic 
capacity  for  one  direction  is  limited  to  2,000 
passenger  cars  per  hour  on  any  section  with 
but  a  single  restrictive  sight  distance. 

Extensive  studies  have  shown  that  there  is 
no  basis  for  the  common  assumption  that 
most  efficient-  operation  on  a  three-lane  road 
will  be  realized  with  approximately  two- 
thirds  of  the  traffic  in  one  direction.  Facts 
show  that  the  high  volumes  can  be  handled 
most  efficiently  when  traffic  is  evenly  divided 
by  direction,  especially  when  there  are  passing 
sight-distance  restrictions.  As  yet,  the  Com- 
mittee has  been  unable  to  locate  any  count 
approaching  4,000  vehicles  per  hour  on  a 
three-lane  road,  and  this  is  probably  because 
there  are  sufficient  sight-distance  restrictions 
on  most  existing  three-lane  roads  to  prevent 
their  basic  capacities  from  being  attained. 
A  total  count  of  3,004  vehicles  per  hour  has, 
however,  been  recorded  on  a  three-lane  road 
in  New  Jersey. 

Two-Lane  Roads 


tions  tends  to  form  sues  which  continue 

to  increase  in  leng;  he  spaces  between 

the  queues  become  sufficiently  long  to  permit 
the  performance  of  passing  maneuvers.  As 
soon  as  a  few  passin  maneuvers  are  performed, 
the  spaces  between  the  queues  beci  dally 

occupied  and  are  no  1  >>;  nt  length 

for  the  performance  (  .  ; vers,  and 

the  queues  immedia'  iing  again. 

This  accordion  effect,  with  all  but  a  very 
limited  number  of  vehicles  traveling  at  the 
same  speed  as  the  vehicle  immediately  ahead, 
occurs  at  the  same  total  traffic  volume  regard- 
less of  the  distribution  by  directions.  The 
basic  capacity  of  a  two-lane,  two-way  road  is 
therefore  a  total  of  2,000  passenger  cars  per 
hour  regardless  of  the  distribution  by 
directions. 

Total  traffic  volumes  close  to  2,000  vehicles 
per  hour  have  been  recorded  on  two-lane, 
two-way  facilities  during  periods  when  most 
of  the  traffic  traveled  in  the  one  direction  and 
also  during  periods  when  the  traffic  was  evenly 
divided  by  direction.  In  only  three  cases 
have  two-lane,  two-way  facilities  been  re- 
ported to  have  accommodated  somewhat 
more  than  2,000  vehicles  in  1  hour.  These 
occurred  at  tunnels  where  the  comparatively 
short  two-lane  roadway  sections  were  bottle- 
necks between  higher-capacity  facilities. 

POSSIBLE  CAPACITIES 

When  roadway  and  traffic  conditions  are 
ideal,  the  possible  capacity  of  a  facility  with 
uninterrupted  flow  corresponds  to  its  basic 
capacity.  Since  roadway  and  traffic  con- 
ditions are  seldom  ideal,  the  possible  capacity 
of  a  facility,  or  the  maximum  number  of 
vehicles  that  can  pass  a  given  point  on  a  lane 
or  roadway  during  1  hour  under  the  prevailing 
roadway  and  traffic  conditions,  is  generally 
lower  than  its  basic  capacity. 


In  practice,  the  only  application  of  a  road- 
way's basic  capacity  is  that  it  forms  a  starting 
point  from  which  its  possible  capacity  can  be 
estimated  or  calculated  by  deducting  the  effect 
of  the  prevailing  conditions  which  are  not 
ideal,  whereas  the  possible  capacity  is  a  posi- 
tive quantity  that  has  a  direct  application  to 
many  problems  with  which  the  engineer  is 
faced. 

In  the  discussion  of  practical  capacities, 
there  are  listed  a  number  of  the  more  impor- 
tant factors  that  influence  traffic  capacities 
when  the  flow  is  uninterrupted.  The  result- 
ing effect  that  these  factors  have  on  traffic 
capacity  must  be  subtracted  from  the  basic 
capacities  to  obtain  the  possible  capacities 
for  the  prevailing  conditions. 

PRACTICAL  CAPACITIES 

All  vehicles  must  move  at  approximately 
the  same  speed  when  a  street  or  highway  is 
operating  at  its  possible  capacity,  each  driver 
being  restricted  by  the  speed  of  the  vehicle 
ahead,  which  is  usually  the  speed  of  the  slow- 
est group  of  drivers.  Under  this  condition 
most  drivers  consider  a  highway  extremely 
congested,  because  most  of  them  want  to 
travel  faster  than  the  slowest  group,  and  they 
desire  some  freedom  in  the  selection  of  their 
individual  speeds.  The  average  vehicle  speed 
on  a  highway  operating  at  or  near  its  possible 
capacity  is  lower  than  the  speed  which  most 
drivers  consider  reasonable. 

Criteria  of  Practical  Capacities  Under 
Ideal  Conditions 

The  practical  capacity  of  a  highway  carry- 
ing an  uninterrupted  flow  of  traffic  is  reached 
when  a  higher  volume  will  cause  drivers  to  be 
unreasonably   restricted.     "Unreasonably  re- 


On  a  two-lane,  two-way  road,  vehicles 
must,  to  overtake  and  pass  vehicles  traveling 
in  the  same  direction,  use  the  lane  normally 
used  by  oncoming  traffic.  With  few  or  no 
vehicles  traveling  in  the  one  direction  and  no 
restrictive  sight  distances,  traffic  in  the  other 
direction  can  keep  one  lane  completely  filled 
because  gaps  that  occur  ahead  of  the  slower- 
moving  vehicles  can  almost  immediately  be 
filled  by  vehicles  performing  passing  maneu- 
vers. Whenever  one  vehicle  traveling  in  the 
direction  of  the  light  flow  appears,  however, 
all  vehicles  traveling  in  the  direction  of  the 
heavy  movement  must  crowd  into  one  traffic 
lane.  Since  the  capacity  of  one  traffic  lane 
is  limited  to  a  maximum  of  about  2,000  pas- 
senger  cars  per  hour,  the  basic  capacity  of  the 
two-lane  road  under  these  conditions  would  be 
2,000  passenger  cars  per  hour. 

With  traffic  evenly  divided  by  directions, 
opportunities  to  overtake  and  pass  slow- 
moving  vehicles  are  sufficiently  restricted  by 
oncoming  traffic  to  limit  the  flow  in  each 
direction  to  1,000  passenger  cars  per  hour. 
At  this  traffic  volume,  spaces  occur  ahead  of 
the  slow-moving  vehicles  which  cannot  be 
filled  by  other  vehicles  performing  passing 
maneuvers.     In  effect,   traffic  in  both  diree- 
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Figure  9. — Frequency  distribution  of  time  spacings  between  successive  vehicles,  at  varying  volumes  of  traffic  on  a 

typical  two-lane  rural  highway. 
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Figure  10. — Frequency  distribution  of  time  spacings  between  successive  vehicles  traveling  in  the  same  direction,  at 

various  traffic  volumes  on  a  typical  four-lane  rural  highway. 


stricted"  is  only  a  relative  term  which  will 
vary  for  different  locations.  In  urban  areas, 
for  example,  a  driver  is  willing  to  accept  the 
regulation  of  his  speed  by  other  traffic  to  a 
greater  extent  than  in  rural  areas,  so  long  as 
he  can  keep  moving  at  a  speed  he  considers 
reasonable  under  the  circumstances.  Further- 
more, the  relative  restriction  and  the  average 
travel  time  will  increase  uniformly  as  the 
traffic  volume  on  a  highway  is  increased 
from  low  volumes  to  the  maximum  possible 
capacity  of  the  highway.  There  is  no  volume, 
below  the  highway's  maximum  capacity,  at 
which  a  further  increase  in  volume  will  cause 


a  marked  increase  in  congestion  or  decrease 
in  speed.  This  has  been  illustrated  by  figures 
5  and  7.  It  is  necessary,  therefore,  to  apply 
other  criteria  which  have  been  developed  to 
measure  congestion  in  the  selection  of  practical 
capacities  for  various  conditions. 

Vehicle  spacings 

The  most  sensitive  index  of  traffic  con- 
gestion on  two-lane  highways  is  shown  in 
figure  8  (curve  B).  This  figure  shows  that 
as  the  spacing  between  vehicles  decreases 
there  is  little  change  in  the  difference  in  speed 
of  successive  vehicles  until  the  time  spacing 


is  reduced  to  9  seconds.  Below  that  spacing, 
the  speed  of  the  following  vehicle  approaches 
that  of  the  one  ahead  very  rapidly,  indicating 
that  with  a  spacing  of  9  seconds,  drivers  are 
affected  by  the  presence  of  the  car  ahead, 
and  that  the  shorter  these  spaces  become  the 
greater  is  the  effect. 

If  all  vehicles  using  a  highway  were  equally 
spaced,  determination  of  the  point  of  incipient 
congestion  would  be  a  simple  matter.  How- 
ever, it  is  a  well-known  fact  that  vehicles  do 
not  move  with  uniform  separating  intervals, 
but  rather  that  they  tend  to  form  groups. 
Studies  made  on  tangent  highway  sections  in 


PUBLIC  ROADS   •  Vol.  25,  No.  10 


221 


A  section  of  two-lane  road  where  the  design 
features    are    ideal  for    high    capacity. 


many  parts  of  the  country  -how  that  this 
tendency  to  form  groups  is  remarkably  uni- 
form regardless  of  the  traffic  volume.  Figures 
9  and  10  arc  typical  of  the  vehicle-spacing 
distributions  for  conditions  where  the  How  of 
traffic  is  uninterrupted. 

Under  nearly  any  conditions  of  speed  and 
traffic  volume,  approximately  two-thirds  of 
the  vehicles  will  be  spaced  at,  or  less  than, 
the  average  distance  between  vehicles.  Using 
figure  9,  the  curve  of  vehicle  spacings  on 
two-lane  roads,  it  will  be  found,  for  example, 
that  with  an  hourly  volume  of  180  vehicles 
in    one    direction    (representing    an    average 


spacing  of  20  seconds)  about  120  vehicles  will 
be  20  seconds  or  less  behind  the  car  ahead, 
and  of  these  about  90,  or  52  percent  of  the 
total,  will  be  spaci  econds  or  less  and 

will  therefore  be  affected  to  some  degree  by 
the  car  ahead.  As  the  traffic  volume  ra- 
ises, the  numb  spaced  increases. 
With  200  vehicles  per  hour  in  one  direction, 
55  percent  will  feel  some  effects  of  congestion; 
with  300  vehicles  per  hour  the  figure  becomes 
65  percent;  with  400  it  becomes  72  percent, 
and  so  on  until  over  90  percent  of  the  vehicles 
are  affected  when  the  volume  becomes  1,000 
vehicles  per  hour  in  each  direction. 

If  it  be  considered  that  a  highway  is  con- 
gested when  72  percent  of  the  drivers  must 
govern  their  speeds  by  the  speeds  of  other 
vehicles,  800  vehicles  per  hour  is  the  practical 
capacity  of  a  two-lane  road. 

Passing  opportunities 

Another  index  of  congestion  is  the  availa- 
bility of  opportunities  for  vehicles  to  overtake 
and  pass  slower  vehicles  moving  in  the  same 
direction.  If  the  alinement  of  a  highway  is 
not  a  factor,  passing  on  a  two- lane  road  is 
limited  only  by  the  time  the  lane  normally 
used  by  oncoming  traffic  is  occupied.  The 
ratio  of  the  number  of  passings  required  per 


mile  of  highway  for  drivers  to  maintain  their 
desired  speeds,  to  the  number  of  passings  that 
they  can  actually  perform,  is  a  measure  of 
traffic  congestion.  Figure  11  compares  the 
desired  number  of  passings  with  the  actual 
number  that  can  be  performed  under  typical 
conditions  on  a  two-lane  road  with  tangent 
alinement. 

The  total  number  of  passings  required  for 
all  drivers  to  maintain  their  desired  speed 
increases  as  the  square  of  the  traffic  volume. 
Actually,  however,  the  total  number  of 
passings  that  occur  increases  with  an  increase 
in  the  total  traffic  volume  up  to  1,300  vehicles 
per  hour  and  then  decreases  rapidly.  To 
maintain  his  free  speed,  the  number  of 
passings  each  driver  would  make  increases 
directly  as  the  traffic  volume  increases. 
Actually,  however,  the  number  of  passings 
made  by  the  average  driver  increases  as  the 
density  increases  up  to  800  vehicles  per  hour, 
remains  about  the  same  between  800  and 
1,200  vehicles  per  hour,  and  thereafter  de- 
creases'with  a  further  increase  in  the  traffic 
density.  The  fact  that  the  average  driver  on 
a  two-lane,  tangent  highway  should  increase 
the  number  of  passings  he  makes  as  the 
traffic  volume  goes  above  800  vehicles  per 
hour,  but  can  make  no  material  increase  due 
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Figure  11. — Comparison  of  actual  number  of  passings  performed  and  number  that  would  be  required  at  various 
traffic  volumes  for  all  vehicles  to  maintain  their  free  speed  on  a  two-lane  highway  with  two-thirds  of  the  total 
traffic  in  one  direction. 
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to  the  traffic  density,  is  a  very  important 
criterion  in  the  determination  of  practical 
capacities  for  two-lane  highways.  (A  traffic 
volume  of  800  vehicles  per  hour  with  the 
normal  percentage  of  commercial  vehicles  is 
equivalent  to  900  passenger  cars  per  hour.) 

Operating  speeds 

The  most  significant  index  of  traffic  con- 
gestion during  different  traffic  volumes,  as 
far  as  drivers  are  concerned,  is  the  over-all 
speed  (exclusive  of  stops)  which  an  average 
motorist  can  maintain  when  trying  to  travel 
at  the  highest  safe  speed.  This  over-all  speed 
is  termed  the  "operating  speed." 

A  driver  on  a  two-lane,  tangent  highway 
can  travel  at  a  uniform  speed  of  say  50  miles 
per  hour,  until  he  overtakes  a  slower-moving  . 
vehicle.  He  would  then  either  pass  the  slower 
vehicle,  if  there  was  no  oncoming  traffic,  or 
he  would  slow  down  to  the  speed  of  the 
vehicle  ahead  and  wait  until  the  opportunity 
to  pass  presented  itself.  P'or  a  driver  to 
travel  at  a  uniform  speed  of  50  m.p.h.  on  a 
modern  two-lane  highway  carrying  a  total 
of  300  vehicles  per  hour  equally  divided  in 
each  direction,  he  would  be  required  to  pass 
an  average  of  24  vehicles  per  hour.  At  a 
volume  of  900  vehicles  per  hour  he  would  be 
required  to  pass  130  vehicles  per  hour.  In 
the  first  case,  43  percent  of  the  vehicles  he 
passed  would  be  traveling  at  speeds  exceeding 
40  m.p.h.  while  in  the  second  case  only  23 
percent  of  the  vehicles  he  passed  would  be 
exceeding  40  m.p.h. 

Under  actual  operating  conditions  on  a 
two-lane  highway,  the  left  lane  would  not 
always  be  free  of  oncoming  traffic  at  the  time 
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Figure  12. — Percentage  of  time  that  desired  speed  can  be  maintained  on  two-lane,  level 
highway  with  no  restrictive  sight  distances. 


the  driver  overtook  a  vehicle  traveling  at  a 
slower  speed,  so  even  on  highways  with  no 
sight-distance  restrictions,  he  would  some- 
times be  forced  to  reduce  his  speed  and  await 
an  opportunity  to  pass.  This  delay  would 
cause  a  decrease  in  his  average  speed  which 
in  turn  would  decrease  the  number  of  vehicles 
overtaken  within  a  given  time  period. 

Figure  12  shows  the  portions  of  the  total 
time  that  a  driver  desiring  to  travel  at  a 
certain  speed  can  travel  at  that  speed  on  a 
two-lane  highway  with  no  sight-distance  re- 
strictions. A  driver  desiring  to  travel  at  70 
m.p.h.  can  travel  at  this  speed  100  percent  of 
the  time  as  long  as  there  is  no  other  traffic  on 
the  highway.     However,  when  there  is  other 


traffic  on  the  highway,  he  soon  overtakes 
another  vehicle  traveling  at  a  slower  speed 
and,  unless  there  is  a  space  between  vehicles 
in  the  opposing  traffic  lane  of  sufficient  length 
to  permit  him  to  pass,  he  must  reduce  his 
speed  until  such  an  opportunity  does  occur, 
after  which  he  can  again  increase  his  speed  to 
70  m.p.h.  At  a  total  traffic  volume  of  200 
vehicles  per  hour,  it  will  be  possible  for  the 
driver  to  travel  at  70  m.p.h.  50  percent  of  the 
time  if  he  takes  full  advantage  of  his  oppor- 
tunities to  pass  the  slower  drivers.  At  a 
traffic  volume  of  about  550  vehicles  per  hour 
he  will  not  be  able  to  travel  at  70  m.p.h.  any 
of  the  time  because  after  passing  one  vehicle 
he  must  start  slowing  down  to  avoid  a  rear-end 
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Figure  13. — Average  speeds  for  drivers  traveling  at  their  desired  speeds  whenever  possible  on  a  two-lane,  level  highway 

with  no  restrictive  sight  distances. 
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collision  with  the  preci  tide  travi 

in  the  same  direction  or  a  head-on  collision 

with  oncoming  traffic  in  the  opposing  traffic 

Likewise,  a  dri  ravel  60  m.p.h. 

maintain  this  speed    100  percenl   of  the 

time  when  there  is  no  other  traffic,  and  50 
percent  of  the  time  when  the  traffic  volume  is 
400  vehicles  per  hour,  but  he  cannot  at  any 
time  attain  this  speed  when  the  traffic  volume 
is  in  excess  of  850  vehicles  per  hour.  Also,  a 
driver  trying  to  maintain  a  speed  of  50  m.p.h. 
can  accomplish  this  50  percent,  of  the  time 
with  a  traffic  volume  of  750  vehicles  per  hour 
but  at  no  time  can  he  travel  at  this  speed 
when  the  traffic  volume  exceeds  1,400  vehicles 
per  hour. 

These  curves  in  figure  12  also  show  the  per- 
centage of  time  that  drivers  must  travel  at 
various  speeds  below  their  desired  speeds. 
For  example,  with  a  traffic  volume  of  400 
vehicles  per  hour,  a  driver  whose  desired 
speed  is  70  m.p.h.  can  travel  at  this  speed 
15  percent  of  the  time;  between  70  and  60 
m.p.h.,  35  percent  of  the  time;  between  60  and 
50  m.p.h.,  30  percent  of  the  time;  and  is  re- 
quired to  reduce  his  speed  below  50  m.p.h. 
about  20  percent  of  the  time. 

A  driver  trying  to  go  70  m.p.h.  can  travel 
no  faster  than  a  driver  trying  to  go  60  m.p.h. 
when  the  traffic  volume  exceeds  850  vehicles 
per  hour.  The  60-  and  70-m.p.h.  drivers  can 
go  no  faster  than  the  50-m.p.h.  driver  when 
the  traffic  volume  exceeds  1,400  vehicles  per 
hour. 
Effect  of  other  traffic 

Figure  13  shows  the  effect  of  other  traffic 
on  the  over-all  speed  of  drivers  trying  to  main- 
tain a  certain  desired  speed.  On  tangent 
sections  of  existing  high-speed,  two-lane  high- 
ways, a  driver  trying  to  maintain  a  speed  of 
70  m.p.h.  without  exceeding  this  speed  finds 
that  his  over-all  speed  decreases  rapidly  with 
an  increase  in  the  traffic  density.  At  a  traffic 
volume  of  200  vehicles  per  hour  his  over-all 
speed  is  reduced  from  70  to  61  m.p.h.  due  to 
delays  while  waiting  to  pass  slower-moving 
vehicles,    and   at    850    vehicles   per   hour    his 


over-all  speed  will  be  16  m.p.h.  or  the  same 
as  that  for  a  driver  I  rying  to  maintain  a  speed 
of  60  m.p.h.  For  all  practical  purposes  the 
speeds  for  the  60-  and  70-m.p.h.  drivers  are 
the  same  when  the  traffic  volume  is  in  excess 
of  300  vehicles  per  hour. 

From  these  curves  (fig.  13)  il  is  possible  to 
determine  the  hourly  volume  of  traffic  that 
can  be  accommodated  by  a  two-lane  highway 
at  any  specified  operating  speed  when  sight- 
distance  restrictions  are  not  a  factor.  If,  for 
example,  a  two-lane  road  must  accommodate 
peak  volumes  of  1,000  vehicles,  the  operating 
speed  on  that  two-lane  road,  if  it  has  no  sight- 
distance  restrictions,  will  be  about  43  m.p.h. 
during  periods  that  the  peak  volumes  occur. 
It  is  possible  from  the  results  of  these  traffic 
studies  to  predict  with  a  high  degree  of  accuracy  _ 
the  operating  conditions  that  will  prevail  with 
any  given  traffic  volume  on  a  highway  with  two, 
three,  or  four  lanes  where  the  flow  is  uninter- 
rupted and  other  conditions  are  ideal.  To 
determine  the  practical  capacity  of  a  facility 
it  is  necessary,  first,  to  determine  the  operat- 
ing conditions  that  the  majority  of  motorists 
will  accept  as  satisfactory.  Then  it  is  neces- 
sary to  ascertain  the  highest  standard  of 
highway  improvement  that  the  governmental 
jurisdiction  can  support.  Finally,  it  becomes 
necessary  to  reconcile  the  demands  of  the 
motorist  with  the  means  available  for  meeting 
these  demands.  Thus,  in  the  final  analysis, 
the  matter  of  specifying  precise  values  for 
practical  highway  capacities  becomes  a 
localized  problem.  The  Committee  considers 
that  it  is  of  prime  importance  to  relate  traffic 
volumes  accurately  lo  operating  conditions 
that  will  prevail  so  that  individual  agencies, 
with  a  thorough  knowledge  of  the  specific 
conditions,  can  decide  on  the  most  practical 
volumes  to  expect  a  facility  to  handle.  The 
Committee  also  believes,  however,  that  it  is 
desirable  to  suggest  practical  capacities  based 
on  the  normal  desires  of  drivers  under  certain 
conditions. 

On  most  main  rural  highways,  operating 
conditions  are  considered  satisfactory  for  the 
average  driver  when  the  operating  speed  is 


A  badly  congested  multilane  highway.  Cars  in  the  second  lane  are  here  delayed  by  a  vehicle 
desiring  to  make  a  left  turn.  Uncontrolled  right  of  access  has  resulted  in  the  con- 
version of  this  section  of  highway  to  the  equivalent  of  one  continuous  intersection. 


45  to  50  miles  per  hour  during  all  but  a  few 
of  the  peak  volume  periods  in  a  year. 

With  this  operating  speed,  the  average 
speed  of  all  vehicles  will  be  40  to  45  miles  per 
hour  and  at  any  one  instant  about  70  percent 
of  the  drivers  will  feel  some  effect  of  conges- 
tion, but  they  will  have  an  opportunity  to 
pass  the  slower-moving  vehicles  without  un- 
reasonable inconvenience.  In  certain  sections 
of  the  country  where  drivers  rarely  experience 
congested  conditions  or  where  most  trip 
lengths  are  relatively  long,  and  on  toll  roads 
or  other  special  high-type  rural  facilities, 
drivers  might  consider  a  highway  unreason- 
ably congested  when  those  who  so  desire  could 
not  average  50  to  55  miles  per  hour  during  all 
but  a  few  of  the  periods  of  peak  volume  in  a 
year. 

On  urban  facilities  with  uninterrupted  flow, 
an  operating  speed  of  35  to  40  miles  per  hour, 
resulting  in  an  average  speed  for  all  traffic 
of  30  to  35  miles  per  hour,  is  considered 
reasonable. 


Two-lane  Roads 

Under  ideal  roadway  and  traffic  conditions 
a  two-lane  road  where  sight  distances  are  not 
restrictive  will  accommodate  900  passenger 
cars  per  hour  and  still  permit  operating  speeds 
of  45  to  50  miles  per  hour.  The  correspond- 
ing figure  for  an  operating  speed  of  50  to  55 
miles  per  hour  is  600  passenger  cars  per  hour. 
Studies  have  shown  that  the  distribution  of 
traffic  by  directions  on  a  two-lane  road  has 
practically  no  effect  on  operating  speeds  or  on 
the  average  interference  between  vehicles  and 
relative  congestion  which  the  average  driver 
experiences.  The  maximum  practical  capacity 
of  a  rural  two-lane  road  with  uninterrupted 
flow  is  therefore  a  total  of  900  passenger 
cars  per  hour  regardless  of  the  distribution 
of  traffic  by  directions. 

Within  urban  areas  or  for  access  connections 
between  industrial  plants  and  the  main  high- 
ways, where  operating  speeds  of  35  miles  per 
hour  are  satisfactory,  the  practical  capacity 
of  a  two-lane  road  would  be  1,500  passenger 
cars  per  hour.  At  certain  locations  where 
operating  speeds  of  50  to  55  miles  per  hour 
are  required,  the  practical  capacity  of  a  two- 
lane  road  would  be  600  passenger  cars  per 
hour. 

Multilane  Roads 

A  multilane  highway  will  provide  the  same 
or  comparable  operating  conditions  with  1,000 
passenger  cars  per  hour  per  lane  in  the  direc- 
tion of  the  heavier  traffic  flow  as  a  two-lane 
highway  with  no  restrictive  sight  distances 
operating  at  a  total  traffic  volume  of  900 
passenger  cars  per  hour.  The  maximum 
practical  capacity  of  a  multilane  rural  highway 
wi  h  uninterrupted  flow  is  therefore  1,000 
passenger  cars  per  lane  per  hour  in  the  direc- 
tion of  the  heavier  flow. 

A  multilane  highway  with  uninterrupted 
flow  will  provide  an  operating  speed  of  35  to 
40  miles  per  hour  when  the  traffic  volume  in 
the  one  direction  of  travel  is  1,500  passenger 
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cars  per  lane  per  hour.  The  maximum  prac- 
tical capacity  of  multilane  freeways  in  urban 
areas,  when  access  and  egress  facilities  are 
not  a  factor,  is  1,500  passenger  cars  per  lane 
per  hour  in  the  direction  of  the  heavier  flow. 
At  this  volume,  drivers  who  so  desire  can  safely 
maintain  an  over-all  speed  of  35  to  40  miles 
per  hour,  although  the  average  speed  of  all 
vehicles  will  be  30  to  35  miles  per  hour.  Also, 
exceptionally  high  volumes  that  occur  fre- 
quently for  short  periods  can  be  handled 
without  complete  congestion.  There  is  also 
further  significance  in  1,500  vehicles  per  lane 
per  hour  as  the  maximum  practical  capacity 
of  multilane  roads  in  that  this  is  the  highest 
rate  at  which  vehicles,  after  being  once 
stopped,  can  pass  a  point  in  a  single  line. 

Three-Lane  Roads 

The  place  of  the  three-lane,  two-way  pave- 
ment in  the  highway  system  has  long  been 
the  subject  of  discussion.  Three-lane  high- 
ways have  been  constructed  to  accommodate 
traffic  volumes  in  excess  of  those  that  can  be 
handled  efficiently  by  two-lane  highways  but 
that  are  not  sufficiently  great  to  require  a 
four-lane  road.  They  have  also  been  built  as 
stage  construction  projects  in  the  develop- 
ment of  four-lane  undivided  highways.  The 
belief  has  been  expressed,  however,  that  traffic 
volumes  justifying  more  than  two  lanes  have 
by  their  natural  growth  soon  become  suffi- 
cient to  congest  a  three-lane  width.  Further- 
more, by  the  time  a  third  lane  can  be  planned 
and  constructed  on  an  already  congested 
two-lane  road,  the  traffic  demand  requires 
most  of  the  increased  capacity  which  the 
third  lane  provides,  and  thus  the  added  lane 
provides  only  temporary  relief. 

With  the  rather  recent  universal  change  in 
favor  of  four-lane  divided  rather  than  undi- 
vided highways,  there  has  been  a  marked 
tendency  toward  the  elimination  of  three- 
lane  road  construction  by  going  directly  to  a 
four-lane  divided  highway  for  traffic  volumes 
in  excess  of  those  that  can  be  accommodated 
by  a  two-lane  road.  A  three-lane  road  does 
not  lend  itself  to  the  ultimate  development 
of  a  four-lane  divided  highway. 

Hazard  to  traffic 

There  have  been  wide  differences  of  opinion 
regarding  the  hazard  to  traffic  on  three-lane 
highways.  From  the  results  of  the  most 
comprehensive  studies  of  accident  rates  of 
three-lane  highways  as  compared  with  other 
types,  there  has,  however,  been  a  general 
acceptance  of  the  belief  that  a  traffic  volume 
greater  than  can  be  accommodated  by  a  two- 
lane  highway  justifies  the  added  safety  that 
can  be  provided  by  a  four-lane  divided 
highway. 

From  the  point  of  view  of  driver  behavior, 
the  three-lane  highway  suffers  a  psychological 
disadvantage  which  might  well  result  in  an 
abnormally  high  accident  rate.  On  a  two- 
lane  road,  a  driver  engaged  in  a  passing  maneu- 
ver must  encroach  upon  the  left  lane  which 
is  definitely  provided  for  traffic  in  the  opposite 
direction.     He  does  this  with  full  realization 
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Figure  14. — Distribution  of  vehicles  between  lanes  on  a  level,  tangent,  three-lane  highway. 


that  his  passing  is  accomplished  only  in  the 
face  of  the  superior  rights  of  drivers  in  the 
opposing  lane.  In  the  case  of  the  three-lane 
road,  particularly  with  traffic  evenly  divided 
in  the  two  directions,  there  is  no  clear-cut 
right-of-way  distinction.  A  vehicle  moving  in 
one  direction  has  as  much  right  in  the  center 
lane  as  one  moving  in  the  other  direction,  and 
passings  may  involve  much  greater  traffic 
hazards. 

Efficiency 

It  is  commonly  assumed  that  a  three-lane 
highway  is  more  efficient  for  locations  where 
at  least  two-thirds  of  the  traffic  travels  in  one 
direction  during  high  volume  periods.  This 
assumption  is  based  on  the  idea  that  traffic 
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traveling  in  the  direction  of  the  heavier  volume 
will  use  two  lanes,  and  traffic  in  the  other 
direction  will  use  one  lane.  Based  on  data 
obtained  on  modern  three-lane  highways  with 
good  alinements  and  profiles,  figure  14  shows 
the  percentage  of  vehicles  that  use  each  lane 
when  approximately  two-thirds  of  the  traffic 
is  in  one  direction.  The  percentage  of  vehicles 
traveling  in  the  center  lane  at  any  one  place 
increases  as  the  total  volume  increases  to  1,500 
vehicles  per  hour.  At  this  volume,  only  15.9 
percent  of  the  vehicles  were  in  the  center  lane, 
13.8  percent  traveling  in  one  direction  and  2.1 
percent  in  the  other.  One  driver  had  the 
same  right  as  another  to  use  the  center  lane 
of  a  three-lane  highway  and,  regardless  of  the 
opposing  traffic  volume,  he  apparently  exer- 
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Figure  15. — Vehicle  speeds  in  center  and  outside  lanes  on  a  three-lane  highway. 
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Figure  16. — Frequency  distribution  of  vehicle  speeds  on  a  three-Jane  highway. 


cised  that  right.  An  estimated  maximum  of 
about  300  vehicles  per  hour,  or  15  percent, 
used  the  center  lane  at  a  volume  of  2,000 
vehicles  per  hour,  which  is  well  above  the 
practical  capacity  of  a  three-lane  road. 

Figure  15  shows  average  speeds  on  three- 
lane  highways  for  vehicles  in  the  center  and 
outside  lanes,  at  different  total  volumes. 
There  is  a  marked  decrease  in  the  average 
speed  of  vehicles  in  the  right-hand  lanes  with 
an  increase  in  the  total  volume,  whereas  the 
average  speed  for  vehicles  in  the  center  lane 
does  not  change  as  the  volume  increases.  Fig- 
ure 16  further  illustrates  the  tendency  of 
drivers  to  travel  at  high  speeds  when  using 
the  center  lane  of  a  three-lane  highway.  This 
figure  shows  the  distribution  of  speeds  by  lanes 
and  direction  at  a  low  and  a  high  total  traffic 
volume.  Although  only  15.2  percent  of  the 
vehicles  were  in  the  center  lane  at  the  higher 
traffic  volume,  41.7  percent  of  those  traveling 
over  40  miles  per  hour,  58.3  percent  of  those 
traveling  over  45  miles  per  hour,  and  72.7  per- 
cent of  those  traveling  over  50  miles  per  hour 
were  in  the  center  lane.  This  tendency  of  driv- 
ers to  travel  in  the  center  lane  of  a  three-lane 
highway  during  heavy  traffic  volumes  at  speeds 
nearly  as  high  as  those  on  four-lane  divided 
highways  during  low  traffic  volumes,  creates 
a  hazardous  condition  and  contributes  to  the 
severity  of  accidents.  On  two-lane  highways 
and  four-lane  divided  and  undivided  highways, 
drivers  tend  to  reduce  their  speeds  with  an 
increase  in  the  volume  of  traffic,  regardless  of 
the  lane  they  occupy. 

A  similar  analysis  for  periods  when  traffic 
was  almost  evenly  divided  by  direction  showed 
that  under  this  condition  a  three-lane  highway 
will  handle  traffic  more  efficiently  than  when 
the  flow  is  predominantly  in  the  one  direction. 
Apparently  the  assumption  of  most  efficient 
operation  with  two-thirds  of  the  traffic  in  one 
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direction  is  a  figment  of  the  imagination  that 
cannot  be  substantiated  by  facts.  Were  it 
true,  this  assumption  could  be  widely  applied 
because  it  is  the  rule,  rather  than  the  exception, 
that  about  two-thirds  of  the  traffic  travels  in 
one  direction  on  any  rural  highway  during 
periods  in  which  the  highest  total  volumes 
occur.  There  are,  however,  no  available 
data  to  show  that  any  three-lane  highway  has 
ever  accommodated  more  than  2,000  vehicles 
per  hour  in  one  direction;  a  number  that  can 
crowd  into  a  single  lane  at  points  where  the 
sight  distance  is  too  short  for  passing  maneu- 
vers to  be  performed  safely. 

Capacity 

With  a  total  of  1,500  passenger  cars  per 
hour,  a  three-lane  highway  with  no  restrictive 
sight  distances  will  provide  operating  condi- 
tions comparable  to  those  on  two-lane  and 
four-lane  rural  highways  operating  at  their 
practical  capacities. 


The  capacity  of  three-lane  highways  is  very 
sensitive  to  restrictive  sight  distances. 


The  maximum  practical  capacity  of  a  rural 
three-lane  highway  is  therefore  a  total  of  1,500 
passenger  cars  per  hour.  This  is  67  percent 
greater  than  the  capacity  of  a  two-lane  high- 
way and  75  percent  of  the  capacity  of  two 
lanes  for  one  direction  of  travel  on  a  four-lane 
highway. 

For  less  favorable  sight-distance  conditions, 
the  difference  between  the  practical  capacities 
of  a  two-  and  a  three-lane  highway  decreases 
and  the  difference  between  the  practical  capa- 
cities of  a  three-  and  a  four-lane  highway 
increases. 

If  sight  distances  sufficient  to  complete 
passing  maneuvers  safely  are  available  only 
intermittently  along  a  three-lane  highway,  the 
practical  capacity  of  such  a  highway  might  be 
only  slightly  greater  than  the  capacity  of  a 
two-lane  road  with  the  same  alinement;  or 
less  than  the  capacity  of  a  two-lane  road  with 
good  alinement.  If  a  three-lane  road  is  to 
accommodate  traffic  volumes  substantially 
greater  than  those  that  can  be  accommodated 
by  a  good  two-lane  road,  sight  distances  long 
enough  to  permit  passing  with  safety  must  be 
almost  continuous  over  the  length  of  the  road. 

Experience  with  three-lane  highways 

The  past  experience  and  practice  of  State 
highway  departments  should  offer  some  index 
of  the  place  of  three-lane  roads  in  our  present 
highway  system.  Through  the  Bureau  of 
Public  Roads,  the  Highway  Capacity  Commit- 
tee obtained  data  from  the  State  highway 
departments  showing  the  date  of  construction 
and  traffic  volumes  during  the  life,  or  up  to  the 
present  time,  of  most  three-lane  rural  roads 
constructed  in  this  country.  Information  was 
obtained  from  27  States  on  more  than  3,700 
miles  of  three-lane  roads,  7.8  percent  of  which 
had  been  converted  to  four  or  more  lanes. 
It  must  be  remembered,  when  interpreting  the 
results  of  this  study,  that  a  lack  of  funds  and 
the  normal  time  required  to  plan,  finance,  and 
construct  a  facility,  or  other  considerations, 
may  have  delayed  the  actual  construction  of  a 
three-lane  road  (or  the  widening  of  a  three- 
lane  road  to  four  lanes)  several  years  after  the 
actual  need  for  the  improvement  became  ap- 
parent, and  that  in  some  cases  the  inadequacy 
of  an  existing  three-lane  road  was  relieved  by 
the  construction  of  an  alternate  or  parallel 
facility. 

The  average  retirement  age  of  three-lane 
highways  converted  to  four  lanes  was  6.1 
years,  which  is  1.6  years  less  than  the  average 
time  that  existing  three-lane  roads  have  beeD 
in  service.  The  ages  of  three-lane  roads  when 
converted  to  four  or  more  lanes  varied  from 
15  years  with  an  initial  annual  volume  of  less 
than  1,000  vehicles  per  day  to  less  than  2  years 
for  initial  annual  volumes  exceeding  10.000 
vehicles  per  day.  The  retired  three-lane 
roads  carried  an  average  annual  traffic  volume 
of  7,029  vehicles  per  day  as  compared  with  an 
average  maximum  traffic  volume  to  date  of 
4,996  vehicles  per  day  for  those  still  in  exist- 
ence. The  traffic  volumes  on  three-lane 
highways  as  initially  constructed,  on  those 
still  in  existence,  and  on  those  that  have  been 
converted  to  wider  highways,  are  shown  in 
figure  17. 
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Prior  to  widening,  17  percent  of  the  reported 
three-lane  mileage  carried  annual  average 
volumes  of  10,000  and  more  vehicles  per  day. 
Only  5  percent  of  the  existing  three-lane 
mileage  has  carried  annual  volumes  of  10,000 
and  more  vehicles  per  day. 

California  and  New  Jersey  each  reported 
three-lane  roads  with  exceedingly  high  annual 
volumes.  On  only  one  of  these  highways, 
however,  has  the  peak  hourly  volume  exceeded 
2,000  vehicles.  The  following  tabulation 
shows  the  peak  hourly  volumes  on  the  three- 
lane  roads  in  California  carrying  average 
annual  volumes  exceeding  10,000  vehicles 
per  day. 

Average  daily  traffic  in 

year  of  highest  annual  Peak  hourly 

volume:  volume 

11,272 1,589 

12,076 1,  895 

13,375 891 

12,503 1,083 

12,351 918 

19,040 1,  958 

It  is  evident  that  these  three-lane  roads  were 
taxed  beyond  their  possible  capacities  during 
peak  periods,  and  the  peak  hourly  volumes 
were  much  lower  than  they  would  have  been 
had  the  capacities  of  the  roadways  been 
greater. 

Conclusions  of  studies 

The  more  detailed  results  of  the  studies 
made  by  the  Committee  regarding  three-lane 
roads  may  be  obtained  in  mimeograph  form 
from  the  Highway  Research  Board.  The 
important  conclusions  of  this  study  were: 

1.  At  any  point  on  a  three-lane  highway, 
relatively  few  vehicles  travel  in  the  center  lane. 
The  maximum  number  that  can  be  in  the 
center  lane  is  about  300  per  hour,  regardless 


of  the  total  traffic  volume,  when  up  to  70 
percent  of  the  total  traffic  is  traveling  in  one 
direction. 

2.  Although  there  is  a  very  marked  drop 
in  the  average  speed  of  traffic  in  the  outside 
lanes  with  an  increase  in  volume,  there  is  no 
drop  in  the  speeds  of  vehicles  in  the  center 
lane. 

3.  As  long  as  the  hourly  traffic  volume 
traveling  in  one  direction  does  not  exceed  70 
percent  of  the  total  traffic,  the  center  lane  will 
be  used  by  vehicles  traveling  in  both  direc- 
tions. 

4.  The  average  speed  of  all  vehicles  and  the 
possible  capacity  of  a  three-lane  road  are 
slightly  higher  when  the  traffic  is  nearly  evenly 
divided  by  direction  than  when  two-thirds 
travel  in  one  direction. 

5.  At  places  where  sight  distance  is  re- 
stricted, the  use  of  the  center  lane  for  passing 
is  dangerous;  so,  in  effect,  a  three-lane  highway 
will  carry  only  two  lanes  of  traffic  at  such 
points. 

6.  A  three-lane  highway  having  even  one 
restricted  sight  distance  cannot  carry  more 
vehicles  per  hour  in  one  direction  than  the 
number  that  can  crowd  into  one  traffic  lane — 
2,000  passenger  cars  per  hour  under  ideal 
conditions. 

7.  Three-lane  roads  with  an  initial  annual 
average  volume  of  about  4,700  vehicles  per 
day  may  be  expected  to  give  a  useful  service 
for  approximately  6  years. 

8.  Three-lane  roads  with  an  initial  annual 
average  volume  less  than  3,300  vehicles  per 
day  may  be  expected  to  give  satisfactory  serv- 
ice for  at  least  13  years,  and  perhaps  for  the 
normal  life  of  the  pavement  (15-20  years) 
providing  traffic  increases  in  the  future  at 
the  same  rate  that  it  has  in  the  past,  excluding 
the  war  years. 


Table  5. — Roadway  capacities  for  uninter- 
rupted floivs  under  ideal  traffic  and  road- 
way conditions 


Multi- 

Two- 

Three- 

lane 

lane, 

lane, 

highway: 

two-way 

average 

highway: 

highway: 

per  lane 

total  for 

total  for 

for  direc- 

both 

all 

tion  of 

lanes  ' 

lanes  ' 

heavier 

flow  - 

Passen- 

Passen- 

ger cars 

ger  cars 

ger  cars 

per  hour 

per  hour 

per  hour 

Basic  capacity  3 

2.000 

4,000 

2,000 

Practical  capacity  for 

urban  conditions  4_ . 

1,500 

2,000 

1,500 

Practical  capacity  for 

rural  conditions  !... 

900 

1,500 

1,000 

1  Distribution  by  directions  is  not  a  factor. 

2  During  periods  of  peak  flow,  traffic  in  one  direction  may 
>e  much  heavier  than  in  the  other  direction. 

3  Same  as  possible  capacity  for  ideal  conditions. 

*  Provides  35  to  40  m.p.h.  operating  speeds. 

•  Provides  45  to  50  m.p.h.  operating  speeds. 


EFFECT  OF  FACTORS  THAT  REDUCE 
CAPACITIES 

Table  5  summarizes  the  basic,  possible,  and 
practical  hourly  capacities  of  various  types 
of  highways  under  ideal  traffic  and  roadway 
conditions  when  the  flow  is  uninterrupted 
and  sight  distances  are  not  restrictive. 

It  is  seldom,  however,  that,  roadway  and 
traffic  conditions  are  ideal.  For  this  reason, 
both  possible  and  practical  capacities  for 
uninterrupted  flow  are  usually  lower  than 
those  shown  in  table  5.  If  surface  condition 
be  disregarded,  and  it  is  seldom  a  factor  on  a 
well-maintained  highway  with  a  high-type 
surface,  the  most  important  conditions  which 
affect  the  capacity  of  the  highway  where  the 
flow  is  not  interrupted  by  cross  traffic  are: 
(1)  lane  width,  (2)  clearances  to  laterai 
obstructions,   (3)   shoulder  width  and  condl- 
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Figure  17.— Past  experience  with   three-lane  highways,   based  on  all  three-lane  construction   on  State   highways 

{totaling  3,740  miles). 
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TabU  6. — Ejject.  of  lane  width  on  capacity 


.',  id tli 

utage 

Two-lam  rural  roa 

Laics 
for  one  di- 

•n  of 
travel  on 
divided 

lii'j  li  ways 
actical 
capacities 

At 

■.  ica] 

12  .       .   

Percent 
100 

ss 
81 

■     Tli 

inn 
86 
77 
70 

Percent 
100 
97 
91 
81 

11 

in 

9                 

'  Effects  of  lane  width  on  driver  comfort,  accident  rales, 
etc.,  arc  not  included  in  these  relations. 


Table  7. — Effect  of  restricted  lateral  clear- 
ance on  practical  capacities  ' 


Clearance  from  pavement  edge 

Effective  width 
of  two  12-foot 
traffic  lanes 

Feet 
6 

Feet 
24 
23 
21 

18 

4                         

2      

0 

1  Effects  of  lateral  clearance  on  driver  comfort,  accident 
rates,  etc.,  are  not  included  in  these  relations. 


tion,  (4)  commercial  vehicles,  (5)  location  and 
design  of  interchange  facilities,  and  (6)  the 
profile  and  alinement,  especially  as  related  to 
sight  distance  and  gradient. 

Lane  Width 

Narrow  lanes  have  a  lower  capacity  than 
the  12-foot  lanes  which  are  at  present  con- 
sidered necessary  for  heavy  volumes  of  mixed 
traffic.  On  a  two-lane  road,  a  vehicle  per- 
forming a  passing  maneuver  must  encroach 
on  the  lane  normally  used  by  traffic  traveling 
in  the  opposite  direction  for  a  longer  period 
if  the  lanes  are  narrow  than  if  they  are  wide. 
On  multilane  roads,  more  vehicles  straddle 
the  lane  lines  when  the  lanes  are  narrow  than 
when  they  are  wide,  thereby  in  effect  occupy- 
ing two  lanes  rather  than  one.  Table  6  shows 
the  capacity  of  lanes  down  to  9  feet  in  width 
on  the  basis  of  capacities  for  12-foot  lanes. 


This  underpass  offers  no  impediment  to  the  free  movemen  t  of  traffic.     Ample  side  clearance 
is  assured  even  if  a  third  lane  is  later  added  to  the  pavement. 

Table  8. — Combined  effect  of  lane  width  and  edge  clearances  on  highway  capacities1 


Clearance  from  pavement  edge 
to  obstruction 


Capacity  expressed  as  a  percentage  of  the  capacity  of  two  12-foot  lanes  with  no 
restrictive  lateral  clearances 


Obstruction  on  one  side 


Obstruction  on  both  sides 


12-foot 
lanes 


11-foot 
lanes 


10-foot 
lanes 


9-foot 
lanes 


12-foot 
lanes 


11-foot 
lanes 


10-foot 
lanes 


9-foot 
lanes 


Possible  Capacity  of  Two-Lane  Highway 


Feet 


100 

88 

81 

76 

100 

88 

81 

97 

85 

79 

74 

94 

83 

76 

93 

81 

75 

70 

85 

75 

69 

88 

77 

71 

67 

76 

67 

62 

76 
71 
65 
58 


Practical  Capacity  of  Two-Lane  Highway 


100 

86 

77 

70 

100 

86 

77 

96 

83 

74 

68 

92 

79 

71 

91 

78 

70 

64 

81 

70 

63 

85 

73 

60 

60 

70 

60 

54 

70 
65 
57 

1!) 


Possible  and  Practical  Capacities  of  Two  Lanes  for  One  Direction  of  Travel  on  Divided  Highways 


100 

97 

91 

81 

100 

97 

91 

99 

96 

90 

80 

98 

95 

89 

97 

94 

88 

79 

94 

91 

86 

90 

87 

82 

73 

81 

79 

74 

81 
79 
76 
66 


1  Effects  of  lane  widths  and  lateral  clearances  on  driver  comfort,  accident  rates,  etc.,  are  not  included  in  these  relations. 


The  practical  capacity  of  a  two-lane  rural 
road  with  lanes  9  feet  wide,  for  example,  is 
only  70  percent  of  the  capacity  of  a  similar 
road  with  12-foot  lanes. 


lateral  restriction  within  a  section  of  highway 
will  cause  a  bottleneck  and  thereby  directly 
affect  the  possible  capacity  of  the  entire  sec- 


Narrow  through- truss  bridges  seriously 
impair  the  capacity  of  many  sections  of 
highway. 
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Restrictive  Lateral  Clearances 

Vertical  obstructions  such  as  retaining  walls, 
light  poles,  and  parked  cars  adjacent^to  the 
edge  of  a  traffic  lane  reduce  the  effective  width 
of  that  lane  as  shown  by  table  7.  A  24-foot 
pavement  with  a  bridge  truss  at  the  edge,  for 
example,  has  the  same  effective  width  as  an 
18-foot  pavement  with  6-foot  shoulders.  In 
addition  to  their  effect  on  capacity,  lane  width 
and  lateral  clearances  also  affect  driving  com- 
fort, accident  rates,  etc.,  which  the  relation- 
ships shown  by  these  tables  do  not  include. 

The  combined  effect  on  capacity  of  lane 
width  and  clearances  from  the  pavement  edge 
to  obstruction  are  shown  by  table  8.  Some 
judgment  must  obviously  be  exercised  when 
applying  these  adjustments  to  highway  sec- 
tions where  the  lateral  restrictions  are  not 
continuous    along    the    entire    length.     One 


Narrow  shoulders,  and  shoulders  that  are 
poorly  maintained,  seriously  impair  the 
capacity  of  a  highway. 
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A  short-span  bridge  of  inadequate  roadway 
width. 


tion.  The  practical  capacity  of  the  section, 
however,  may  be  affected  only  slightly. 

For  example,  one  bridge  24  feet  wide  and 
100  feet  long  on  a  highway  with  a  24-foot 
surface  and  a  normal  shoulder  width  of  8 
feet  would  reduce  the  possible  capacity  of  that 
entire  section  by  24  percent  (from  100  to  76 
percent,  table  8).  The  practical  capacity, 
however,  would  be  influenced  for  only  a  short 
distance,  thereby  affecting  the  practical  ca- 
pacity of  the  entire  section  a  lesser  amount, 
in  proportion  to  the  relative  lengths. 

While  no  research  data  are  available  re- 
garding the  exact  length  of  highway  over 
which  an  individual  obstruction  within  6  feet 
of  the  pavement  edge  affects  traffic  operations, 
it  seems  reasonable,  from  the  results  of  obser- 
vations for  other  purposes,  to  assume  that 
traffic  will  be  affected  to  some  extent  for  9 
seconds  before  reaching  the  lateral  obstruction 
and  that  the  net  effect  will  be  approximately 
the  same  as  the  full  effect  while  traveling  for 
4%  seconds  plus  the  distance  over  which  the 
restrictive  clearance  continued.  With  traffic 
averaging  45  miles  per  hour  the  bridge  in  the 
above  example  would  affect  traffic  over  a  dis- 
tance of  397  feet  (297+100).  The  practical 
capacity  of  the  entire  section  of  highway,  if 
it  were  1  mile  long,  would  then  be  reduced  by 
the  narrow  bridge  from  100  percent,  the  prac- 


tical capacity  of  a  highway  with  12-foot  lanes 
and  no  lateral  restrictions,  to 

(100X4,883) +  (70X397)     „ 

TTTon =  93  percent  of  the 

5,280 

capacity  of  a  highway  with  12-foot  lanes  and 
no  lateral  restrictions. 

Table  8  shows  the  combined  effect  of  lane 
width  and  lateral  clearances  for  two-lane 
highways  ard  for  divided  four-lane  highways. 
For  undivided  four-lane  highways,  the  lateral 
clearance  on  the  left  side  of  the  lanes  for 
travel  in  the  one  direction  may  be  assumed  to 
be  equivalent  to  the  distance  from  the  left 
edge  of  these  lanes  to  a  vehicle  centered  in  the 
adjacent  lane  used  by  traffic  traveling  in  the 
opposite  direction. 

Likewise,  when  there  are  more  than  two 
lanes  for  the  one  direction  of  travel,  interior 
lanes  may  be  assumed  to  have  the  same  ca- 
pacity as  lanes  with  lateral  clearances  equiva- 
lent to  the  distance  between  the  edge  of  the 
lane  and  a  vehicle  centered  in  the  adjacent 
lane.  For  example,  if  conditions  are  such 
that  the  practical  capacity  for  one  direction 
of  travel  on  a  four-lane  divided  highway  with 
a  wide  median,  10-foot  shoulders,  and  12-foot 
lanes  is  1,500  passenger  cars  per  lane  per 
hour,  then,  for  similar  conditions  the  practical 
capacity  of  the  three  10-foot  lanes  for  one 
direction  of  travel  on  a  six-lane  divided  high- 
way with  a  wide  median  and  10-foot  shoulders 
would  be: 

For  lanes  1  and  3  3„  0.  91X1,  500X2=2,  730 
For  lane  2  * 0.86X1,500       =1,290 


Total. 4,020 

Shoulders 

At  no  time  are  adequate  shoulders  more 
necessary  on  a  highway  than  when  the  lanes 
are  used  to  full  capacity.     Without  a  place  of 

3  Factor  of  0.91  from  table  8,  10-foot  lanes  with  no  obstruc- 
tions. 

<  Factor  of  0.86  from  table  8,  10-foot  lane  with  clearances  of 
2  feet  on  either  side  to  cars  in  adjoining  lanes. 


Consideration  must  be  given  to  the  needs  of 
disabled  vehicles,  of  which  one  may  be 
expected  for  every  eight  to  ten  thousand 
vehicle -miles  of  ttavel,  if  all  traffic  is  to 
be  properly  served. 


refuge  outside  the  traffic  lanes,  one  disabled 
vehicle  can  reduce  the  capacity  of  a  highway 
by  more  than  the  capacity  of  one  lane,  especi- 
ally if  the  lanes  are  less  than  12  feet  wide. 
The  disabled  vehicle  blocks  the  lane  occupied 
and,  in  addition,  reduces  the  capacity  of 
adjoining  lanes  whenever  vehicles  must  merge 
into  fewer  lanes  at  speeds  below  30  miles  per 
hour.  For  example,  the  possible  capacity  of 
a  traffic  lane  with  vehicles  moving  at  20 
miles  per  hour  is  only  87  percent  of  its  capacity 
at  30  miles  per  hour.  At  10  miles  per  hour  a 
lane  has  only  about  50  percent  of  its  30- 
mile-per-hour  capacity  (see  fig.  3).  A  minor 
accident  which  causes  a  reduction  in  speed 
can,  therefore,  cause  complete  congestion  on 
a  facility  operating  near  its  possible  capacity. 
For  lanes  less  than  12  feet  wide,  shoulders 
treated  with  bituminous  materials  for  a  width 
of  4  feet  or  more  increase  the  effective  width 
of  the  adjacent  traffic  lanes  by  1  foot. 

Commercial  Vehicles 

Commercial  vehicles  reduce  both  the  practi- 
cal and  possible  capacities  of  a  highway  (see 
table  9)  in  terms  of  vehicles  per  hour  because 
they  occupy  a  greater  road  space  and  influence 
traffic  over  a  larger  area  than  do  passenger 
cars.  They  also  generally  travel  at  lower 
speeds,  especially  on  upgrades,  thereby  in- 
creasing the  number  of  passing  maneuvers 
that  are  necessary  for  other  vehicles  to  main- 
tain reasonable  speeds.  On  multilane  facili- 
ties with  uninterrupted  flow,  one  commercial 
vehicle   (includes  only  those  vehicles  having 


\ 


Bridge  rails  must  be  well  removed  from  the  edge  of  the  pavement  if  they  are  to  have  no 
effect  on  the  traffic  capacity  of  a  highway. 


Table  9. — Effect  of  commercial  vehicles  on 
practical  capacities  of  multilane  facili- 
ties 


Commercial  vehicles 

Capacity  expressed  as  aj 
percentage  of  passen- 
ger-car   capacity  on 
level  terrain 

Level           Rolling 
terrain     1     terrain 

Percent 

Percent 
100 
91 
83 

Percent 
100 
77 
63 

10                - 

20                  - 
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The  effect  of  trucks  on  capacity  is  greatest 
tvhere  alinement  is  poor  and  grades  are 
long  and  steep. 

dual  tires  on  rear  axle)  has  approximately  the 
effect  of  two  passenger  cars  in  level  terrain, 
and  of  four  passenger  cars  in  rolling  terrain. 

For  example,  approximately  the  same 
operating  conditions  will  prevail  on  an  express- 
way through  rolling  terrain  when  there  are 
1,500  passenger  cars  per  lane  per  hour  as 
when  there  are  115  trucks  and  1,040  passenger 
cars  per  lane,  a  total  of  1,155  vehicles. 

In  mountainous  terrain  the  effect  varies 
widely  with  the  particular  profile  but,  as  an 
average,  one  commercial  vehicle  has  ap- 
proximately the  same  effect  as  eight  passenger 
cars.  The  values  of  table  9  apply  only  to 
percentages  of  commercial  vehicles  within 
normal  limits  and  do  not  include  the  effect  of 
bus  stops,  etc.  Care  must  be  exercised  in  their 
application  because  the  percentage  of  com- 
mercial vehicles  during  peak  hours  is  generally 
considerably  lower  than  the  average  percent- 
age during  all  hours.  On  two-lane  highways, 
the  effect  of  commercial  vehicles  is  about  25 
percent  greater  than  on  multilane  expressways. 

Imperfect  Alinement 

The  alinement  and  profile  of  a  highway  are 
important   factors   affecting   its   capacity    at 

Table  10. — Percentage  of  total  traffic  and 
percentage  of  passed  vehicles  traveling  at 
various  speeds  on  two-lane  highways 
where  sit;hl  distances  and  oncoming  traf- 
fic do  not  restrict  passing  opportunities 


Speed  group 
(m.  p.  h.) 

Average  main 
rural  highway 

Highest 

rural  highways 

All 
traffic 

Passed 
vehicles 

All 
traffic 

Passed 
vehicles 

Over  50-.. 

Percent 

11 

57 

30 

2 

100 

Percent 

1 

15 

54 

30 

Percent 

39 

43 

17 

1 

Percent 
5 
40 
40 
15 

in  to 

31 1  ti 

Below 

Total . . 

ion 

1(10 

100 

different  operating  speeds.     In  combination, 

they  influence  the  sight  distances  along  the 
highway  or  the  length  of  roadway  visible  to 
the  driver  at  any  point  on  the  roadway  when 
the  view  is  unobstructed  by  other  traffic. 
To  determine  operating  conditions  on  a  high- 
way, sight  distance  is  divided  into  two 
categories:  stopping  sight  distance  and  passing 
sight  distance. 

Stopping  sight  distance  is  the  distance 
required  by  the  driver  of  a  vehicle,  traveling 
at  a  given  speed,  to  bring  his  vehicle  to  a  stop 
after  an  object  on  the  roadway  becomes 
visible.  Passing  sight  distance  is  the  mini- 
mum sight  distance  that  must  be  available  to 
enable  the  driver  of  one  vehicle  to  pass 
another  vehicle  safely  and  comfortably, 
without  interfering  with  the  speed  of  an 
oncoming  vehicle  should  it  come  into  view 
after  the  overtaking  maneuver  is  started. 
Stopping  sight  distances  are  necessary  con- 
tinuously on  all  types  of  highways,  whereas 


Table  11. — Effect  of  passing  sight-distance 
restriction  on  practical  capacities  of  two- 
lane  highways  u'/ten  adequate  stopping 
sight  distances  are  always  present  1 


Heavy  grades,  as  a  rule,  have  little  effect  on 
the  speeds  of  passenger  cars.  It  is  the 
restrictive  sight  distances,  which  usually 
accompany  steep  grades,  that  create  con- 
gestion at  low  volumes  in  mountainous 
terrain. 


passing  sight  distances  are  necessary  only  on 
two-way  roadways  with  two  or  three  lanes. 

Where  sight  distances  are  inadequate  on 
two-  and  three-lane  highways,  drivers  are  re- 
stricted in  much  the  same  manner  as  if  the 
lane  used  for  passing  were  filled  with  oncoming 
vehicles.  The  prudent  driver  must  always 
assume  the  existence  of  an  approaching  vehicle 
just  beyond  the  limit  of  his  sight  distance. 
The  reduction  in  capacity  caused  by  short  sight 
distances  can  be  obtained  by  using  as  a  cri- 
terion the  percentage  of  the  total  highway  on 
which  sight  distances  are  insufficient  to  permit 
passing  maneuvers  to  be  performed  safely. 

The  results  of  passing-practice  studies  con- 
ducted by  the  Bureau  of  Public  Roads  in 
cooperation  with  several  State  highway  de- 
partments at  locations  where  the  alinement 
and  profile  provided  unlimited  opportunities 
for  passing  reflect  the  need  for  passing  sight 
distances  on  two-lane  rural  highways.     Table 


Percentage  of  total  length 
of  highway  on  which 
sight  distance  is  restrict- 
ed to  less  than  1,500  feet 

Practical  capacity,  in  pas- 
senger   cars    per   hour— 

For  operat- 
ing speed  2  of 
45-50  miles 
per  hour 

For  operat- 
ing speed  2  of 
50-55  miles 
per  hour 

0    . 

900 
860 
win 
720 
620 
500 

600 
560 
500 
420 
300 
160 

20 

40 

liO.          .. 

80 

100 

>  The  data  in  this  table  apply  to  sections  with  12-foot  traffic 
lanes,  shoulders  adequate  for  parking  disabled  vehicles  clear 
of  the  traffic  lanes,  and  a  continuous  stopping  sight  distance 
corresponding  to  the  design  speed  Also,  the  sight  distance 
on  the  restricted  portions  of  the  section  must  be  uniformly 
distributed  between  the  required  stopping  sight  distance  for 
the  design  speed  and  1,500  feet. 

2  Average  speed  for  drivers  trying  to  travel  at  maximum 
safe  speed. 


10  shows  the  speed  of  the  vehicles  that  were 
passed  related  to  the  speeds  of  all  vehicles  on 
the  average  main  rural  highway  and  on  the 
highest-speed  rural  highways  during  periods 
of  low  traffic  when  passings  could  be  made 
almost  without  interference  from  oncoming 
traffic. 

Since  these  are  the  conditions  that  exist 
where  alinement  provides  unlimited  oppor- 
tunities for  passing,  the  greatest  need  on  rural 
two-lane  highways  is  for  sight  distances  that 
will  permit  vehicles  traveling  under  50  miles 
per  hour  to  be  passed  safely. 

The  results  of  the  passing-practice  studies 
show  that  for  the  most  critical  condition,  when 
the  passing  vehicle  first  slows  to  the  speed  of 
the  passed  vehicle  before  accelerating  to  per- 
form the  passing  maneuver,  a  sight  distance 
to  the  road  surface  of  1,500  to  2,000  feet  is 
required  to  pass  a  vehicle  traveling  between 
45  and  50  miles  per  hour  with  the  possibility 
of  oncoming  traffic  traveling  70  miles  per  hour. 


Photo  by  Portland  Cei 


In  mountainous  terrain  the  effect  of  trucks 
on  highway  capacity  can  be  minimized  by 
the  constrtiction  of  added  lanes  on  up- 
grades. This  is  not  a  three-lane  road  in 
the  usual  sense. 
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Passing  sight  distances  within  the  range  of 
1,500  to  2,000  feet  are,  therefore,  those  most 
widely  needed  at  frequent  intervals  on  rural 
highways. 

Where  sight  distances  within  the  range  of 
1,500  to  2,000  feet  are  not  continuously  avail- 
able throughout  the  length  of  a  two-lane  high- 
way, the  percentage  of  the  total  length  of  high- 
way with  a  1,500-foot  sight  distance  can  be  used 
as  a  criterion  of  the  highway's  practical  capac- 
ity. Table  11  shows  the  reduction  in  capacity 
caused  by  sight-distance  restrictions  when 
operating  speeds  of  45  to  50  and  of  50  to  55 
miles  per  hour  are  desired. 

Figure  18  shows  in  more  detail  the  effect 
of  passing  sight-distance  restrictions  on  the 
capacity  of  two-lane  highways  for  various 
operating  speeds. 

Grades 

Grades  affect  the  capacity  of  a  highway  in 
three  ways,  as  follows: 

1.  Vehicle  braking  distance  is  less  on  up- 
grades and  greater  on  down  grades  than  on 
the  level,  thereby  permitting  shorter  spacings 
between  vehicles  that  are  climbing  grades, 
and  requiring  longer  spacings  between  vehicles 
going  down  grades,  in  order  to  maintain  a 
safe  headway. 


2.  The  presence  of  a  grade  generally  causes 
a  restriction  in  the  sight  distance,  thereby 
affecting  the  percentage  of  highway  on  which 
passing  maneuvers  can  be  performed  safely. 

3.  Commercial  vehicles  with  their  normal 
loads  travel  at  slower  speeds  up  grades  than 
on  the  level,  especially  if  the  grade  is  long  and 
steep.  This  is  also  true  to  some  extent  for 
passenger  cars  Most  passenger  cars,  how- 
ever, can  negotiate  long  6-  and  7-percent 
grades  at  speeds  above  30  miles  per  hour. 
The  effect  that  grades  up  to  7  percent  have  on 
capacity  as  related  to  the  performance  of 
passenger  cars  is  therefore  generally  negligible. 

In  the  discussion  of  commercial  vehicles, 
it  was  stated  that  one  commercial  vehicle  on 
a  multilane  highway  has  approximately  the 
same  effect  on  capacity  as  two  passenger 
cars  in  level  terrain  and  as  four  passenger 
cars  in  rolling  terrain.  It  was  also  stated 
that  their  effect  on  capacity  for  two-lane 
highways  is  25  percent  greater  than  on  multi- 
lane  highways.  The  figures  refer  to  general 
conditions  over  the  entire  length  of  a  highway. 
In  considering  the  effect  of  an  individual 
grade,  the  length  and  rate  of  grade  are  im- 
portant factors. 

The  relationships  between  speed  of  trucks 
at  the  bottom  of  a  hill,  percentage  of  grade, 


Table  12. — Distance  from  bottom  of  grade 
at  ivhich  speed  of  trucks  is  reduced  to  30 
miles  per  hour  ' 
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Figure  18. — Possible  average  speed  at  different  traffic  volumes,  for  drivers  trying  to  travel 
at  the  design  speed,  when  the  sight  distances  on  various  portions  of  the  highway  are 
less  than  the  passing  sight  distance. 


Qrade 

tance 
from 
bottom  of 
grade 

Vertical 
climb  from 
bottom  of 

Lr^HT-rcwERED  Tritks  with  Gross  Loads  of 
30,000  Pounds 

Percent 
2....     .. 

•j.  nun 
1,090 
7tiH 
570 
470 
100 
325 

Feet 

40 
33 
30 
29 
28 
28 
26 

3 

4 

:.  .               

o 

7 ..... 

s    _ 

Medium-towered  Tkitks  with  Gross  Loads  of 

40,000  POUNDS 

2 

1,780 
1,035 
740 
550 
450 
390 
320 

36 
31 
30 
28 
27 
27 
26 

3____ 

4                                

6 

7 

8           

1  Assuming  an  approach  speed  of  40  m.p.h.  Bad  aline- 
ment,  weak  or  narrow  bridges,  or  other  hazardous  conditions 
at  the  bottom  of  the  hill  would  make  this  approach  speed 
unsafe. 


and  distance  upgrade  are  shown  in  figure  19 
for  light-powered  motortrucks  or  combination 
units  and  in  figure  20  for  medium-powered 
motortrucks  or  combination  units  in  operation 
in  1941. 

The  light-powered  vehicles  had  engines 
which,  on  an  average,  would  develop  93  brake 
horsepower;  the  medium-powered  vehicles  had 
engines  which,  on  an  average,  would  develop 
106  brake  horsepower.  Heavy-powered  ve- 
hicles in  operation  in  1941  had  engines  which 
would  develop,  on  an  average,  115  brake  horse- 
power. At  the  present  time,  light-powered 
vehicles  will  develop  nearly  the  same  brake 
horsepower  as  those  considered  medium- 
powered  in  1941. 

From  these  data,  for  the  power  and  gross 
weights  of  vehicles  represented,  it  is  possible 
to  determine  how  far  a  vehicle,  starting  its 
climb  from  any  speed  between  9  and  41  miles 
per  hour,  can  travel  up  various  grades  or  com- 
binations of  grades  before  the  maximum  sus- 
tained speed  reaches  any  stated  value.  The 
solid  curves  in  figures  19  and  20  indicate  the 
performance  that  may  be  expected  when  the 
beginning  speed  is  above  the  possible  sustained 
or  crawl  speed.  The  broken  lines,  starting 
at  9  miles  per  hour,  show  what  performance 
may  be  expected  when  the  hill  is  approached 
at  crawl  speed. 

Table  12,  for  example,  shows  the  distance 
that  light-powered  trucks  with  gross  loads  of 
30,000  pounds,  and  medium-powered  trucks 
with  gross  loads  of  40,000  pounds,  can  go  up 
various  grades  before  their  speeds  are  lowered 
to  30  miles  per  hour,  assuming  that  they  enter 
the  grade  at  40  miles  per  hour.  It  will  be 
noted  that  the  length  of  grade  that  reduces 
the  speed  to  30  miles  per  hour  is  approxi- 
mately the  same  for  the  light-powered  trucks 
with  gross  loads  of  30,000  pounds  as  for  the 
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Figure  19. — Effect  of  length  of  grade  on  the  speed  of  light-powered  trucks  and  combinations. 
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Figure  20.~Effect  of  length  of  grade  on  the  speed  of  medium-powered  trucks  and  combinations. 
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Table  13.— Effect  of  commercial  veliicles  and 
grades  on  the  capacity  of  two-lane  high- 
ways with  uninterrupted  traffic  flow  when 
the  grade  does  not  cause  a  restriction  in 
the  passing  sight  distance 


Length  of  grade 


Miles 

0.1 

0.2 

0.4 

O.6.. 

0.8 

1.0 

1.5 

2.0 

3.0 

4.0- 

5.0 

6.0 


Equivalent  of  one  dual-tired 
commercial  vehicle,  in  terms 
of  passenger  cars,  on  a  grade 
averaging— 


3  per- 

4 per- 

5 per- 

6 per- 

cent 

cent 

cent 

cent 

3.9 

4.1 

4.2 

4.2 

4.1 

4.3 

4.5 

4.7 

4.3 

4.6 

4.9 

5.3 

4.4 

4.8 

5.2 

5.8 

4.6 

5.1 

5.7 

6.4 

4.6 

5.3 

6.0 

6.7 

4.8 

5.6 

6.3 

7.0 

5.0 

5.8 

6.5 

7.2 

5.0 

6.0 

6.6 

7.3 

5.1 

6.0 

6.7 

7.4 

5.1 

6.0 

6.7 

7.6 

5.1 

6.0 

6.8 

7.6 

7  per- 
cent 


4.4 
5.1 
5.5 
6.5 
7.1 
7.4 
7.7 
8.0 
8.2 
8.3 
8.3 
8.3 


medium-powered  trucks  with  gross  loads  of 
40,000  pounds.  Grades  longer  than  those 
shown  in  table  12  would,  therefore,  have  an 
effect  on  the  possible  capacity  of  a  highway 
because  they  reduce  the  speed  of  trucks  that 
occur  with  considerable  frequency  to  speeds 
below  30  miles  per  hour,  the  optimum  speed 
for  maximum  capacity. 

If,  for  the  time  being,  we  disregard  the  effect 
that  grades  have  in  causing  sight-distance 
restrictions,  the  effect  of  one  commercial 
vehicle  on  highway  capacity,  in  terms  of  pas- 
senger cars,  is  as  shown  in  table  13.  There 
would  obviously  be  an  additional  effect  due  to 
the  restrictive  sight  distances  on  the  grade 
which  would  prevent  passing  maneuvers  from 
being  performed  as  readily  as  on  a  level  section. 
The  effect  due  to  restrictive  sight  distances,  as 
shown  in  table  1 1 ,  must  therefore  be  added  to 


Table  14. — Effect  of  commercial  vehicles  and 
grades  on  the  capacity  of  two-lane  high- 
ways with  uninterrupted  traffic  flow,  with 
passing  sight  distance  restricted  for  1,500 
feet  ahead  of  the  crest  and  a  typical  aline- 
ment  elsewhere  along  the  grade 


Equivalent  of  one  dual-tired 
commercial  vehicle,  in  terms 
of  passenger  cars,  on  a  grade 
averaging — 

3  per- 
cent 

4  per- 
cent 

5  per- 
cent 

6  per- 
cent 

7  per- 
cent 

Percentage  of  high- 
way with  restrict- 
ed sight  distance 
(assumed  as  typi- 
cal)  

30 

87 

40 
81 

50 

75 

60 
69 

70 
62 

Capacity    of    high- 
way with  restrict- 
ed sight  distance, 
as  a  percentage  of 
unrestricted   ca- 
pacity  

Length  of  grade,  in 
miles: 
0  1... 

5.8 
6.0 
6.3 
6.5 
6.6 
6.7 
6.9 
7.0 
7.1 
7.1 
7.2 
7.3 

7.1 
7.4 
7.8 
8.2 
8.5 
8.7 
9.0 
9.3 
9.4 
9.4 
9.5 
9.6 

8.6 
9.0 
9.6 
10.1 
10.6 
11.0 
11.5 
11.9 
12.0 
12.1 
12.1 
12.1 

10.2 
10.9 
11.6 
12.5 
13.0 
13.5 
14.1 
14.5 
14.7 
14.7 
14.8 
14.9 

12.5 
13.6 
14.6 
16.1 
16.8 
17.4 
18.2 
18.4 
19.0 
19.1 
19.1 
19.1 

0.2 

0.4. .               

0.6 

0.8 

1.0 

1.5 

2.0 

3.0 

4.0 

5.0 

6.0 

the  effect  shown  in  table  13.  To  illustrate  the 
total  effect  that  one  commercial  vehicle  has  on 
capacity  in  terms  of  passenger  cars,  including 
the  effect  of  imperfect  alinement,  table  14  has 
been  prepared  assuming  that  the  percentage 
of  restrictive  sight  distance  increases  from 
30  percent  for  a  3-percent  grade  to  70  percent 
on  a  7-percent  grade.  For  specific  conditions, 
these  percentages  should  be  modified  to 
correspond  with  actual  conditions. 

The  data  shown  in  table  14  can  be  applied  to 
a  number  of  problems:  For  example,  table  15 
shows  the  relation  of  length  and  rate  of  grade 
and  of  traffic  volume  to  the  type  of  facility 
required  in  order  to  provide  operating  con- 
ditions equivalent  to  conditions  on  a  level 
stretch  with  800  vehicles  per  hour,  including 
10  percent  commercial  vehicles. 


Table  15. — Effect  of  grades  on  type  of  high- 
way facility  required  when  the  traffic  in- 
cludes 10  percent  commercial  vehicles 
with  dual  rear  tires 


Type  of  facility 

required   to 

provide  satis- 

factory operat- 

ing conditions 

for 

passenger 

Gradi- 

Traffic 

Length  of 

cars  '  2 

Two- 

ent 

volume 

grade 

lane 
high- 

Two- 

way 
with 
truck 

Four- 

lane 
high- 

lane 
high- 

way 

on 
up- 
hill 

side 

way 

Per- 

Vehicles 

cent 

per  hour 

0.... 

/800  or  less. 
\Over800  3. 

Any  length 

X 

.. 

Any  length 

.... 

-- 

X 

[550  or  less. 

Any  length 

X 

3.... 

J551  to  800.. 

fl  ,100  feet  or  less 
\Over  1,100  feet 

X 

X 

- 

1  Over  800  K 

Any  length 

" 

- 

X 

[500  or  less. 

Any  length 

X 

- 

4.... 

J501  to  800.. 

J800  feet  or  less. 
\Over  800  feet.  . 

X 

X 

-- 

Iover800*. 

Any  length 

-- 

-- 

X 

[400  or  less. 

Any  length 

X 

5__._ 

J401  to  800.. 

/600  feet  or  less. 
\Over  600  feet. . 

X 

X 

-- 

I  Over  800  3. 

Any  length 

- 

- 

X 

[350  or  less. 

Any  length  — 

X 

351  to  400- 

/4.000  feet  or  less 
\Over  4.000  feet 

X 

X 

-- 

6.... 

/ 

(Under  500  feet 

X 

401  to  800.. 

«00  to  4,000  feet 

X 

._ 

lOver  4,000  feet 

X 

lOver  800 '. 

Any  length  — 

-- 

-- 

X 

[300  or less. 

Any  length  — 

X 

301  to  350.. 

(4,000  feet  or  less 
(Over  4,000  feet 

X 

X 

-- 

7.... 

( 

(Under  500  feet 

X 

351  to  800- 

{500  to  4,000  feet 

X 

[Over  4,000  feet 

X 

lOver  800 ». 

Any  length 

-- 

-- 

X 

1  Satisfactory  operating  conditions  for  passenger  cars  are 
here  considered  as  the  equivalent  of  a  capacity  of  800  vehicles 
per  hour  on  level  sections  of  a  two-lane  highway. 

5  This  table  is  based  on  the  assumptions  that  a  three-lane 
highway  on  which  traffic  in  both  directions  has  an  equal 
right  in  the  center  lane  has  no  place  in  modern  highway 
design.  Also,  when  the  hourly  traffic  volume  used  for  de- 
sign purposes  (30th  highest  hourly  volume  in  the  year)  ex- 
ceeds 800  vehicles,  a  four-lane  divided  highway  is  required 
for  any  condition  of  gradient  or  alinement.  If  the  sight 
distance  is  restricted  to  less  than  1,500  feet  on  portions  of  the 
highway  other  than  the  grade  under  consideration,  an  added 
truck  lane  or  a  four-lane  highway  may  be  needed  for  traffic 
volumes  lower  than  those  shown  in  the  table. 

'  If  volume  is  sufficiently  high,  a  truck  lane  may  be  neces- 
sary on  the  uphill  side  of  a  four-lane  highway,  or  a  multilane 
highway  of  more  than  four  lanes  may  be  required. 


CAPACITIES  EXPRESSED  AS  AVERAGE 
ANNUAL  DAILY  TRAFFIC  VOLUMES 

The  relation  between  peak  hourly  rates  of 
flow  and  annual  average  daily  traffic  volumes 
is  the  subject  of  part  viii  of  this  report. 
There,  a  method  is  outlined  for  converting 
peak  hourly  volumes  into  average  daily 
volumes.  It  is  shown  that  if  the  average 
daily  traffic  is  known,  the  hourly  volume 
during  peak  periods  can  be  estimated  by 
applying  certain  known  factors.  Conversely, 
the  hourly  capacity  for  a  highway  may  be 
converted  to  an  average  annual  daily  volume 
by  applying  the  reciprocal  of  the  factor. 
For  most  rural  highways  the  factor  for  this 
purpose  is  between  15  and  16  percent,  with  a 
typical  value  of  15.6  percent.  Thus,  for  a 
two-lane  rural  highway  with  ideal  conditions, 
the  average  daily  volume  which  will  corre- 
spond to  the  practical  capacity  of  900  vehicles 
per  hour  is  900-f-0.156  =  5,750  vehicles  per 
day.  This  is  an  average  value  and  conse- 
quently will  differ  according  to  locality.  As 
a  matter  of  interest,  table  16  has  been  pre- 
pared for  the  purpose  of  showing  average 
annual  daily  traffic  volumes  corresponding 
to  the  practical  capacities  of  various  types  of 
highways,  using  the  factor  15.6  percent. 

It  should  be  obvious  that  volumes  of  the 
magnitude  shown  in  this  table  are  seldom 
achieved  without  exceeding  the  practical 
capacity,  because  the  high  design  standards 
upon  which  they  are  based  can  be  economically 
justified  in  rare  cases  only.  Particularly  is 
this  true  for  two-lane  roads,  the  capacities  of 
which  are  very  sensitive  to  restrictive  sight 
distances. 

In  rolling  terrain  the  alinement  may  be  such 
as  to  cause  a  reduction  of  50  percent  or  more 
in  the  average  daily  volumes  for  two-lane 
roads  as  shown  in  table  16.  For  any  specific 
highway,  an  evaluation  of  the  several  factors 
affecting  capacity  must  precede  the  computa- 
tion of  a  reasonable  value  for  the  annual  aver- 
age daily  traffic  volume. 


Table  16. — Average  annual  daily  traffic 
volumes  corresponding  to  the  practical 
capacities  of  different  types  of  highways, 
as  based  on  the  Nation-wide  average 
relationship  between  the  thirtieth  highest 
hourly  volume  and  the  average  annual 
daily  traffic  volume  1 


Type  of 
traffic 

Average  annual  daily  traffic  volume 
on — 

Per- 
cent- 
age of 
pas- 
senger 
cars 

Per- 
cent- 
age of 
com- 
mer- 
cial 
ve- 
hicles 

Two-lane 
rural  roads 

Four-lane 
rural  roads 2 

Four-lane 
urban  express- 
ways 3 

In 

level 
ter- 
rain 

In 
roll- 
ing 
ter- 
rain 

In 
level 
ter- 
rain 

In 
roll- 
ing 
ter- 
rain 

In 

level 
ter- 
rain 

In 
roll- 
ing 
ter- 
rain 

100 
90 
SO 

0 

10 
20 

5,750 
5,200 
4,800 

5,750 
4,450 
3,600 

19, 250 
17, 500 
16, 050 

19, 250 
14,800 
12,000 

37,  500 
34,  000 
31,000 

37, 500 
29,000 

23,500 

'  Except  for  the  presence  of  commercial  vehicles,  roadway 
and  traffic  conditions  are  assumed  to  approach  the  ideal, 
including  12-foot  traffic  lanes,  tangent  alinement,  and  unin- 
terrupted flow. 

1  Assuming  two-thirds  of  traffic  in  heavier  direction  during 
peak  hour. 
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APPLICATION  OF  CAPACITY  INFOKMA- 
TION  TO   SPECIFIC  PROBLEMS 

The  following  examples  illustrate  correct  ap- 
plications of  the  data  contained  in  this  chapter 

pecific  conditions.  In  each  example  the 
problem  is  stated  first,  and  the  solution  is  then 
worked  out  in   three  successive  steps:   First, 

capacity  under  ideal  conditions  is  deter- 
mined; next,  the  adjustment  factors  for 
existing  conditions  are  obtained  from  the 
taMes;  and  finally,  these  factors  are  applied 
to  the  ideal-condition  capacities. 

Example  1 
Problem 

What  is  the  possible  capacity  of  one  tube  of 
the  Holland  Tunnel  during  periods  when  10 
percent  of  the  traffic  is  heavy  commercial 
vehicles?  The  tube  has  a  20-foot  roadway 
between  curbs,  a  1-foot  clearance  to  the 
vertical  walls  on  each  side,  and  a  4-percent 
grade. 
Solution 
For     ideal     conditions:     possible     capacity  = 

2X2,000  =  4,000  passenger  cars  per  hour. 

Adjustments:  ^^ 

Surface   width    and    lateral    clear- 
ances 5 0.  80 

Commercial  vehicles6.. .77 

Combined  factor 0.  616 

Application    of    factor:    possible    capacity  = 
4,000X0.616  =  2,464  vehicles  per  hour. 

»  Factor  obtained  from  table  8. 
•  Factor  obtained  from  table  9. 


Example  2 
Problem 

What  are  the  possible  and  practical  hourly 
capacities  of  a  two-lane  rural  highway  with  a 
20-foot  surface  and  with  frequent  obstructions 
within  4  feet  of  both  pavement  edges,  located 
in  rolling  terrain  where  10  percent  of  the  peak- 
hour  traffic  is  commercial  vehicles  and  the 
sight  distance  is  restricted  to  less  than  1,500 
feet  over  60  percent  of  its  length? 
Solution 
For  ideal  conditions: 

Possible  capacity  =2,000  passenger  cars  per 

hour. 
Practical  capacity  =  900  passenger  cars  per 

hour  to  provide  operating  speed  of  45  to 

50  m.p.h. 


Adjustments: 

Possible  Practical 
capacity  capacity 
factor       factoi 

Surface  width  and   lateral 

clearance  7          -   - 

0.  76 

0.  71 

Commercial  vehicles  8 

.  67 

.  67 

Alinement  °                

1.  00 

.  80 

Combined    factor 

(product  of  individ- 

ual factors)    

0.  509 

0.  381 

Application  of  factors: 

Possible  capacity     2,000X0.. 

m=  1,018  ve- 

hides  per  hour. 

Practical     capacity  =  900X0.381  =  343     ve- 

hicles per  hour. 

'  Factors  obtained  from  table  8. 

8  Factors  obtained  from  table  9,  further  corrected  for  in- 
creased effect  of  commercial  vehicles  on  two-lane  roads. 

9  Factors  obtained  from  table  11  (practical  capacity  factor  = 
720+900). 


Example  3 
Problem 

What  are  the  possible  and  practical  capaci- 
ties of  the  upper  roadway  of  the  San  Francisco- 
Oakland  Bay  Bridge,  which  carries  passenger 
cars  only,  and  has  three  lanes  each  9.5  feet 
wide  for  traffic  traveling  in  each  direction? 
The  roadway  is  not  divided  and  has  high 
vertical  curbs. 

Solution 

For  ideal  conditions: 

Possible  capacity  =  2,000  passenger  cars  per 

lane. 
Practical  capacity   for  operating  speed  of 
35  to  40  m.  p.  h.  =  1 ,500  passenger  cars  per 
lane. 
Adjustments    (necessary    only    for    the    lane 
widths  and  lateral  clearances) : 

Clearance  in  feet 

Right             Left  Factor '» 

Lane  1 0               1.5  0.74 

Lane  2 1.5            1.5  .78 

Lane  3 1.5           1.5  .78 

Application  of  factors:                  Possible  Practical 

capacity  capacity 

Lane  1 1,480  1,110 

Lane  2 1,560  1,170 

Lane  3 1,560  1,170 

Total,   vehicles  per 

hour 4,600    3,450 

10  To  obtain  factor  for  lane  1,  interpolate  in  table  8  for  an 
average  factor  between  values  of  zero  feet  on  both  sides  and 
clearance  of  V/i  feet  on  both  sides.  Then  interpolate  be- 
tween these  average  factors  for  9-  and  10-foot  lanes. 
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Estimated  Motor-Vehicle  Registrations,  1949 


Motor- vehicle  registrations  and  the  volume 
of  highway  travel  in  the  United  States  con- 
tinued their  upward  climb  through  the  first 
half  of  1949  and  will  surpass  last  year's  record 
levels  before  the  end  of  the  year,  according  to 
preliminary  estimates  prepared  by  the  Bureau 
of  Public  Roads. 

Registration  reports  from  State  authorities 
for  the  first  6  months  of  1949  indicate  that 
approximately  43,298,000  private  and  com- 
mercial motor  vehicles  will  be  registered  during 
the  calendar  year,  an  increase  over  1948  regis- 
trations of  2,230,000  automobiles,  or  6.7  per- 
cent, and  446,000  trucks  and  busses,  or  6.1 
percent.  A  tabulation  of  the  estimates,  by 
class  of  vehicle  and  by  State,  appears  on  the 
following  page. 

These  estimates  do  not  include  vehicles 
owned  by  the  Federal,  State,  county,  and 
municipal  governments.  The  number  of 
publicly  owned  motor  vehicles  registered  in 

1948  was  529,062. 

The  estimated  number  of  automobiles, 
busses,  and  trucks  that  will  be  registered  in 

1949  represents  a  10-year  growth  in  the  motor- 


vehicle  population  of  41.4  percent,  compared 
with  15.5  percent  for  the  previous  decade  of 
1930  through  1939.  The  greatest  increase 
has  occurred  in  trucks  and  busses,  which  have 
risen  74.4  percent  over  1939  and  126.8  per- 
cent over  1929,  while  automobiles  have  in- 
creased 35.8  percent  since  1939  and  53.9  since 
1929. 

It  now  appears,  however,  that  1949  will  be 
the  first  year  since  1941  in  which  the  percent- 
age increase  over  the  previous  year's  registra- 
tions will  be  greater  for  automobiles  than  for 
trucks  and  busses.  This  is  largely  the  result 
of  the  fact  that  the  production  of  trucks  in- 
creased more  rapidly  than  that  of  passenger 
cars  during  the  immediate  postwar  years. 
In  1949  it  is  expected  that  automobile  produc- 
tion will  be  the  greatest  in  history,  but  truck 
production  will  be  less  than  for  1948. 

The  greater  increase  in  automobile  regis- 
trations resulted,  of  course,  in  a  slight  decrease 
in  the  proportion  of  trucks  and  busses  to  the 
total  number  of  vehicles  registered.  Contrary 
to  the  long-term  trend  in  which  trucks  and 
busses  have  risen  from   13.0  percent  of  total 


registrations  in  1929  to  14.6  percent  in  1939 
and  18.1  in  1948,  they  declined  slightly  to  18.0 
percent  in  194!(. 

The  relative  increases  in  motor-vehicle  reg- 
istrations during  the  last  two  decades  have 
been  accompanied  by  even  greater  increases 
in  the  consumption  of  motor  fuel.  With  a 
tentatively  estimated  31,400,000,000  gallons 
to  be  consumed  on  the  highways  by  private 
and  commercial  motor  vehicles  in  1949,  the 
increase  from  1939  is  52.1  percent  and  from 
1929  is  122.1  percent.  The  1949  estimate  rep- 
resents a  gain  of  5.0  percent  over  1948,  com- 
pared with  an  increase  in  1948  of  7.9  percent 
over  1947. 

The  increases  in  the  number  of  vehicles 
registered  and  motor  fuel  consumed  are  re- 
flected in  the  most  recent  data  on  rural  traffic 
volumes.  It  is  estimated  that  there  were 
2,167,200,000  miles  of  travel  on  rural  roads 
in  July,  the  latest  month  for  which  figures  are 
available.  This  is  an  increase  of  7.5  percent 
over  the  volume  of  travel  on  rural  roads  in 
July  of  last  year,  and  is  25.2  percent  more 
than  the  volume  reported  for  July  1941. 


PUBLIC  ROADS   •   Vol.  25,  No.  10 


235 


UNITED  STATES    DEPARTMENT  OF  COMMERCE 
BUREAU   OF   PUBLIC    ROADS 

PRELIMINARY    ESTIMATE    OF 
1949    MOTOR-VEHICLE    REGISTRATIONS  1/ 

(Does  not   incluoe  publicly -owned  vehicles)                                                                   august  1949 

STATE 

AUTOMOBILES 

TRUCKS   AND   BUSSES 

TOTAL 

REGISTERED 
1948 
2/ 

ESTIMATED 
1949 

PERCENT 

INCREASE 

1949 

1948 

REG  ISTEREO 

1948 

2/ 

EST  I  MATEO 
1949 

PERCENT 
INCREASE 

15J2 

1948 

REG  ISTERED 

1948 

2/ 

ESTIMATED 
1949 

PERCENT 
INCREASE 

1949 

1948 

ALABAMA 
ARIZONA 
ARKANSAS 
CALIFORNIA 

391,704 

161,547 

256,527 

3,194,226 

425,000 

175,000 

270,000 

3,350,000 

8.5 
8.3 
5.3 
4.9 

141,370 

49,450 

125,906 

554,081 

151,000 

53,000 

135,000 
590,000 

6.8 
7.2 

7.2 
6.5 

533,074 

210,997 

382,433 

3,748,307 

576,000 

228,000 

"  405,000 

3,940,000 

8.1 
8.1 
5.9 
5.1 

COLORADO 
CONNECT  ICUT 
DELAWARE 
FLORIDA 

354,748 

536,867 

68,240 

616,432 

375,000 
568,000 

72,000 
670,000 

5.7 
5.8 
5.5 
8.7 

107,588 
88,612 
13,816 

154,503 

115,000 
92,000 

20,000 
165,000 

6.9 
3.8 
6.3 
6.8 

462,336 

625,479 

87,056 

770,935 

490,000 

660,000 

92,000 

835,000 

6.0 
5.5 
5.7 
8.3 

GEORGIA 
IDAHO 
ILLINOIS 
INDIANA 

540,984 

156,979 

1,899,305 

1,059,447 

585,000 

168,000 

2,050,000 
1,115,000 

8.1 
7.0 
7.9 
5.2 

166,833 

60,590 

305,761 

236,010 

175,000 

65,000 

320,000 

250,000 

4.9 
7.3 
4.7 
5.9 

707,817 

217,569 

2,205,066 

1,295,457 

760,000 

233,000 

2,370,000 

1,365,000 

7.4 
7.1 
7.5 

5.4 

IOWA 
KANSAS 
KENTUCKY 
LOUISIANA 

734,281 
570,705 
468,901 
390,663 

785,000 
605,000 
505,000 
430,000 

6.9 

6.0 

7.7 

10.1 

152,917 
179,060 
139,921 
121,926 

165,000 
192,000 
150,000 
132,000 

7.9 
7.2 
7.2 
8.3 

887,198 
749,765 
608,822 
512,589 

950,000 
797,000 

655,000 

562,000 

7.1 
6.3 
7.6 
9.6 

MAINE 

MARYLAND 

MASSACHUSETTS 

MICHIGAN 

187,132 

469,500 

943,329 

1,741,613 

192,000 

495,000 

995,ooo 

1,870,000 

2.6 

5.4 
5.5 
7.4 

61,585 

99,582 

155,464 

237,716 

62,000 

102,000 
159,000 
250,000 

0.7 

2.4 
2.3- 
5.2 

248,717 

569,082 

1,098,793 

1,979,329 

254,000 

597,000 

1,154,000 

2,120,000 

2.1 
4.9 
5.0 
7.1 

MINNESOTA 
MISS ISS IPPI 
MISSOURI 
MONTANA 

798,144 
263,239 
876,882 
145,800 

860,000 

285,000 

915,000 
155,000 

7.7 
8.3 
4.3 

6.3 

170,334 

127,735 

227,248 

69,993 

185,000 
140,000 
240,000 

76,000 

8.6 
9.6 
5.6 
8.6 

968,478 

390,974 

1,104,130 

215,793 

1,045,000 
425,000 

1,155,000 
231,000 

7.9 
8.7 
4.6 
7.0 

NEBRASKA 

NEVADA 

NEW   HAMPSHIRE 

NEW  JERSEY 

394,306 

47,328 

119,611 

1,112,470 

410,000 

50,000 

125,000 

1,195,000 

4.0 
5.6 
4.5 
7.4 

109,509 
13,671 
37,364 

205,249 

115,000 
14,000 
39,000 

215,000 

5.0 
2.4 

4.4 

4.8 

503,815 

60,999 

156,975 

1,317,719 

525,000 

64,000 

164,000 

1,410,000 

4.2 
4.9 
4.5 
7.0 

NEW   MEXICO 
NEW  YORK 
NORTH   CAROLINA 
NORTH   DAKOTA 

126,458 

2,721,884 

659,725 

162,796 

140,000 

2,920,000 

702,000 

173,000 

10.7 

7.3 
6.4 
6.3 

47,160 
434,00? 
171,981 

70,748 

51,000 
450,000 
183,000 

78,000 

8.1 

3.7 

6.4 

10.3 

173,618 

3,155,891 

831,706 

233,544 

191,000 

3,370,000 

885,000 

251,000 

10.O 
6.8 
6.4 
7.5 

OHIO 
OKLAHOMA 
OREGON 
PENNSYLVANIA 

2,096,623 
508,318 
448,545 

2,131,326 

2,230,000 
545,ooo 
485,000 

2,290,000 

6.4 
7.2 
8.1 
7.4 

299,925 
164,922 
116,232 
411,306 

320,000 
180,000 
128,000 

430,000 

6.7 

9.1 

10.1 

4.5 

2,396,548 
673,240 
564,777 

2,542,632 

2,550,000 
725,000 
613,000 

2,720,000 

6.4 
7.7 

8.5 
7.0 

RHODE    ISLAND 
SOUTH  CAROLINA 
SOUTH   DAKOTA 
TENNESSEE 

190,452 
381,152 
185,953 
518,604 

201,000 
408,000 
199,000 

555,000 

5.5 

7.0 
7.0 
7.0 

31,597 

95,390 

60,468 

141,736 

33,000 
103,000 

68,000 
151,000 

4.4 
8.0 

12.5 
6.5 

222,049 
476,542 
246,421 
660,340 

234,000 
511,000 

267,000 
706,000 

5.4 
7.2 
8.4 
6.9 

TEXAS 
UTAH 
VERMONT 
VIRGINIA 

1,774,498 

164,538 

95,407 

610,301 

1,910,000 

177,000 

98,000 

665,000 

7.6 

7.6 
2.7 
9.0 

497,472 
40,575 
15,266 

147,996 

525,000 
43,000 

16,000 

155,600 

5.5 
6.0 
4.8 

4.7 

2,271,970 
205,113 

110,673 
758,297 

2,435,000 
220,000 
114,000 

820,000 

7.2 
7.3 
3.0 
8.1 

WASHINGTON 

WEST   VIRGINIA 

WISCONSIN 

WYOMING 

DISTRICT   OF   COLUMBIA 

623,913 

302,356 

829,100 

82,431 

146,164 

670,000 
317,000 
865,000 
90,000 
156,000 

7.4 
4.8 
4.3 

9.2 

6.7 

147,815 
97,135 

199,050 
30,389 
20,846 

159,000 
102,000 
210,000 

33,000 

22,000 

7.6 

5.0 

5.5 
8.6 
5.5 

771,728 
399,491 
1,028,150 
112,820 
167,010 

829,000 
419,000 
1,075,000 
123,000 
178,000 

7.4 
4.9 
4.6 
9.0 
6.6 

TOTAL 

33,261,454 

35,491,000 

6.7 

7,360,81C 

7,807,000 

6.1 

40,622,264 

43,298,000 

6.6 

1/     THE  ESTIMATES   ARE    FOR   THE  CALENDAR  YEAR   1949  AND  ARE                                              2/     REGISTRATION    PERIOOS   ENDING    NOT   EARLIER   THAN 
nuurn   urui^c^I^   ^UPPUED    BY    STATE   AUTHORITIES.    'PUBLICLY-                                    NOVEMBER   30   AND    NOT    LATER   THAN   JANUARY   31    ARE    TREATED   AS 
WrnMF*   nuMrn   Bv    rrnL'^o0"    'N  ™  'S    TABLE'      ™E   NU^ER   °F                                    CALENDAR-YEAR    PERIODS.       IN   THOSE   STATES   WHERE   THE   REG  IS- 
WERE   «   F^nws        FE0ERAL»   STATE'   AND   L0CAL  GOVERNMENTS    IN   1948                                TRATION   PERIOD    IS   DEFINITELY  REMOVED    FROM  THE   CALENDAR  YEAR, 
41  rr    m™=,.c             *      Q                                                                                             REGISTRATION   FIGURES   ARE   GIVEN    FOR    THE   TWELVE   CONSECUTIVE 
oneerc                   136,989                                                                                                 MONTHS    OF    THE   CALENDAR   YEAR.      FOR   DETAILS    OF    1948   REG IS- 

tS             $$0                                                                 TRAT,0NS'  SEE  TABLE  MV"1'  1948- 

TOTAL                 529,062 
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Part  V— Signalized  Intersections 


INTRODUCTION 

In  part  iv  it  was  shown  that  the  basic 
capacity  of  any  highway  facility  is  seldom 
achieved  because  of  the  effect  of  a  large 
number  of  variable  factors  that  tend  to  act  as 
retardants  to  free  vehicular  movements. 
These  variable  factors  were  enumerated  and 
measures  of  their  effect  have,  in  some  cases, 
already  been  determined.  One  of  the  more 
important  elements  limiting  the  capacity  of 
any  facility,  especially  that  of  city  streets,  is 
the  intersection  at  grade.  Because  of  the 
many  variations  in  the  lay-out  of  intersections 
and  the  multiplicity  of  impediments  which  are 
usually  inherent  in  city  traffic,  the  capacity 
of  intersections  is  here  treated  as  a  separate 
subject. 

The  Highway  Capacity  Committee  found 
that  very  little  material  had  been  published 
on  this  subject,  so  it  was  necessary  that  some 
research  be  performed  before  satisfactory  data 
could  be  assembled.  In  addition  to  the  data 
collected  by  committee  members,  a  large 
amount  of  material  was  furnished  by  most 
of  the  State  highway  departments,  and  by 
officials  of  many  cities,  as  a  result  of  solicita- 
tion by  the  Bureau  of  Public  Roads.  Some 
cities,  including  Chicago,  Philadelphia,  Mil- 
waukee, and  Washington,  assigned  several 
men  to  the  task  of  obtaining  information  on 
a  scale  never  before  attempted.  The  analysis 
represents  the  conditions  reported  for  hundreds 
of  intersections  and  many  months  of  tedious 
work  by  the  Bureau  of  Public  Roads.  There 
will,  of  course,  be  additions  and  refinements  to 
this  report  which  may  be  issued  as  supple- 
ments as  further  analyses  are  made  or  as  more 
data  for  specific  conditions  become  available. 
There  is  little  possibility,  however,  that 
additional  data  obtained  within  any  reason- 
able length  of  time  will  materially  change  the 
present  results. 

There  are  certain  factors  that  influence 
intersection  capacities  for  which  there  are 
no    available    data.     Particularly    perplexing 
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A  city  street  lotuled  to  its  possible  capacity  iluriiifi  rusli  hour. 


among  these  is  the  extent  to  which  environ- 
mental and  operating  characteristics,  which 
might  vary  widely  between  different  localities, 
influence  the  number  of  vehicles  that  can  pass 
through  an  intersection  in  a  period  of  time. 
Local  traffic  regulations,  the  degree  of  enforce- 
ment, and  the  education  and  training  of  drivers 
are  among  the  elements  that  comprise  these 
environmental  conditions  which  cannot  be 
evaluated  from  the  material  at  hand.  Their 
average  effect,  however,  is  included. 

The  number  of  usable  observations  for  some 
of  the  conditions  covered  is  less  than  would  be 
desirable,  but  the  results  have  in  all  cases  been 
based  on  far  more  information  than  has  here- 
tofore been  available. 

UNITS   FOR   EXPRESSING   SIGNALIZED 
INTERSECTION  CAPACITY 

Current  practice  in  expressing  intersection 
capacity  varies  widely  among  individuals  and 
this  accounts  in  part  for  some  of  the  con- 
troversies that  have  been  known  to  develop  in 
the  past  over  the  numbers  of  vehicles  that 
can  clear  an  intersection  in  an  hour.  It  is 
important  that  the  reader  have  an  under- 
standing of  the  units  of  measure  used  in  this 


report,  for  otherwise  the  results  are  subject 
to  misinterpretation. 

Basically,  an  intersection  consists  of  an 
intersection  area  and  a  number  of  legs  or  road- 
ways on  which  vehicles  approach  and  leave 
the  intersection  area.  The  traffic  signals  limit 
the  number  of  approaches  on  which  vehicles 
may  move  at  one  time,  whereas  the  u.fe  of 
exit  lanes  is  generally  not  restricted  by  the 
traffic  signal. 

At  some  locations,  where  all  legs  are  not 
of  the  .same  width  or  where  traffic  backs  up 
from  an  adjacent  intersection,  the  capacity 
of  the  intersection  may  be  dependent  upon 
the  capacity  of  the  exit  roadways.  Gen 
erally,  however,  the  capacity  of  the  ap- 
proaches controls  the  capacity  of  the  inter- 
section. It  is  also  seldom  that  all  approaches 
are  burdened  to  their  full  capacities  simultane- 
ously. The  maximum  total  volume  from  all 
approaches  might  conceivably  occur  when  no 
one  of  the  approach.es  was  congested.  It  is 
appropriate,  therefore,  that  intersection  ca- 
pacity be  thought  of  in  terms  of  the  capacity 
of  each  of  the  approaches. 

The  number  of  vehicles  that  can  enter  an 
intersection  is  dependent  upon  a  large  number 
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A  downtown  street  in  a  large  city  during  an 
practical  capacity 

of  factors,  some  of  which  are  variable  while 
others  are  fixed  or  semifixed.  Mere  numbers 
of  vehicles  are  of  little  value  unless  they  are 
accompanied  by  sufficient  information  to  per- 
mit their  evaluation  in  consideration  of  these 
factors.  As  a  minimum  requirement,  a  unit 
of  time  and  a  unit  of  roadway  width  are 
essential.  These  two  units,  together  with  the 
number  of  vehicles,  can  be  incorporated  in  an 
expression  of  the  rate  of  flow  relative  to  time 
and  street  width. 

That  portion  of  time  occupied  by  the  red  or 
stop  signal  indication  has  no  utility  value 
insofar  as  the  traffic  which  it  holds  at  a  stand- 
still is  concerned.  This  fixed  portion  of  the 
time  is  lost  to  that  traffic,  there  being  a  zero 
rate  of  flow.  Hence,  only  the  time  during 
which  the  signal  is  green  (the  go  signal)  is 
used  in  calculating  rates  of  flow,  and  the  hour 
of  green  is  the  unit  in  which  it  is  expressed. 

By  applying  the  fraction  of  the  total  time 
that  the  signal  is  green  for  a  particular 
movement  to  a  known  rate  of  flow  in  terms 
of  vehicles  per  hour  of  green,  the  number  of 
vehicles  that  can  enter  the  intersection  from 
that  approach  during  1  hour  of  total  elapsed 
time  can  be  readily  calculated.  In  applying 
the  capacity  values  given  later  in  the  report, 
the  reader  is  cautioned  against  adding  the 
amber  time  or  any  portion  thereof  to  the  green 
time  in  calculating  the  percentage  of  the  total 
signal  cycle  during  which  traffic  on  one 
approach  leg  of  the  intersection  is  free  to  move. 
This  would  produce  erroneous  results  .because 
vehicles  that  entered  during  the  amber  period 
have  been  combined  with  those  that  entered 
during  the  green  period  to  obtain  the  hourly 
rates  shown  in  this  report. 

The  basic  unit  of  width  used  in  expressing 
the  capacity  of  roadways  is  the  traffic  lane. 
When  the  analysis  of  the  intersection  data 
was  begun,  it  was  also  believed  that  the 
number  of  lanes  would  be  a  most  important 
controlling  factor  and  that  streets  of  certain 
widths  which  would  provide  for  an  even 
number  of  9-  to  11-foot  lanes  would  be  more 
efficient  than  streets  that  were  somewhat 
narrower  or  wider.  It  was  believed,  for 
example,    that   a  street   with   a   clear   width 
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off-peak  period.      The  traffic  load  is  near  the 
of  the  intersection. 

between  curbs  of  20  feet  for  one  lane  in  each 
direction  or  a  clear  width  of  40  feet  for  two 
lanes  in  each  direction  would  be  much  more 
efficient  per  foot  of  width  than,  for  example, 
a  street  27  feet  wide  for  two-directional  flow. 
Trial  analysis  of  the  data  revealed,  however, 
that  intersection  capacity  varies  in  almost 
direct  ratio  with  the  width  of  the  approach, 
measured  from  the  curb  line,  and  that  the 
results  for  comparable  traffic  conditions  were 
more  consistent  when  based  on  the  capacity 
per  foot  of  width  than  when  based  on  the 
capacity  per  traffic  lane. 

For  example,  a  64-foot  street  had  the  same 
capacity  per  foot  of  width  if  it  was  striped  for 
either  eight  or  six  lanes,  whereas  the  capacity 
per  lane  was  greater  for  the  six  wider  lanes 
than  for  the  eight  narrower  lanes.  With  the 
wider  lanes,  the  vehicles  in  the  same  lane 
travel  closer  together  and  fewer  vehicles 
straddle  the  lane  lines  than  they  do  when  the 
lanes  are  narrow. 

The  basic  unit  "vehicles  per  1  foot  of  width" 
is,  however,  somewhat  unrealistic  and  involves 


very  low  traffic  figures.  The  10-foot  width, 
which  approximates  the  width  of  a  lane  as 
usually  defined,  has  therefore  been  adopted 
as  the  most  convenient  unit  of  measure.  It 
should  be  borne  in  mind,  however,  that  the 
approach  width  used  by  traffic  entering  an 
intersection  from  one  direction  on  a  two-way 
street  is  normally  one-half  of  the  total  street 
width  unless  there  are  safety  zones  or  islands. 
To  summarize  briefly  the  foregoing,  the 
capacity  of  signalized  intersections  is  ex- 
pressed as  vehicles  per  10  feet  of  width  per 
hour  of  green. 

CAPACITY  CLASSIFICATION 

The  problems  encountered  in  moving  traffic 
through  intersections  at  grade  vary  in  com- 
plexity from  those  usually  found  in  rural  areas, 
where  the  only  interference  to  traffic  is 
created  by  the  cross  movement  of  vehicles,  to 
those  found  in  urban  areas,  where  there  are 
pedestrians,  cars  entering  and  leaving  the 
traffic  stream  on  the  approaches,  and  busses 
topping  to  discharge  or   pick  up  passengers. 

Basic  Capacity 

With  a  little  imagination,  it  is  possible  to 
visualize  a  rural  intersection  with  no  interfer- 
ence to  traffic  except  that  created  by  the  cross 
movement  of  vehicles.  If  this  cross  traffic  is 
properly  controlled  by  a  traffic  signal,  the 
burden  of  the  interference  is  transferred  to 
that  signal.  The  condition  then  existing  is 
comparable  to  that  at  a  signal  installation  in 
an  isolated  area  with  no  cross  movement,  the 
only  interference  being  that  resulting  from 
the  periodic  interruption  to  traffic  when  the 
signal  turns  red  for  traffic  on  the  highway. 
This  is  the  type  of  intersection  where  basic 
capacity  can  be  realized  and,  as  such,  is 
worthy  of  brief  consideration  to  discover  how 
traffic  performs  at  this  ultimate  rate  of  flow. 

In  part  iv  of  this  report  it  was  stated  that 
the  basic  capacity  of  a  12-foot  traffic  lane  on 
a  multilane  highway  is  2,000  passenger  cars 
per  hour.  The  inference  might  be  that  the 
basic  capacity  of  a  similar  traffic  lane  at  a 


A  streetcar  loading  island.     Pedestrians  crossing  to  the  island  are  doing  so  in  violation  of 

the  red  signal  indication. 
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signalized  intersection  is  2,000  vehicles  per 
hour  of  green  because  under  ideal  conditions 
the  signal  would  seem  to  be  the  only  impedi- 
ment, and  that  the  detrimental  effect  of  the 
red  indication  could  be  eliminated  by  con- 
verting the  rate  of  flow  to  vehicles  per  hour 
of  green  time.  This  deduction  is  not  entirely 
correct,  however,  because  one  of  the  conditions 
that  must  prevail  for  this  high  volume  to  be 
realized  is  the  movement  of  all  vehicles  at  a 
uniform  speed  of  about  30  miles  per  hour. 
This  uniform  speed  cannot  be  achieved  if  any 
single  unit  of  the  traffic  stream  is  stopped  for 
any  reason. 

With  a  low  traffic  volume,  many  vehicles 
will  approach  the  intersection  while  the  signal 
is  green  and  proceed  through  at  a  reasonably 
high  rate  of  speed.  With  heavier  volumes  of 
traffic,  an  increasingly  large  number  of  vehicles 
will  be  stopped  by  the  red  indication.  Irre- 
spective of  the  traffic  volume,  some  vehicles 
will  slow  down  when  turning,  or  for  pedes- 
trians, thus  affecting  the  whole  traffic  stream. 


Parked  vehicles  deprive  a  street  of  a  much  greater  portion  of  usable  width  than  the  space 
they  actually  occupy.      This  street  is  in  at)  "intermediate  arett.'" 


When  the  volume  approaches  the  possible 
capacity  of  the  intersection  so  that  every  green 
interval  is  fully  utilized,  there  will  always  be 


High  traffic  density  on  a  one-way  street  in  a  downtown  area.      W  here  busses  continuously 
load  and  unload,  a  negligible  number  of  passenger  cars  utilize  the  first  lane. 
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some  vehicles  wailing  to  enter  the  intersection 
as  the  light  turns  green.  Under  this  condi- 
tion, a  relatively  high  percentage  of  the  cars 
approaching  the  intersection  will  be  required 
to  stop  even  on  a  street  with  a  synchronized 
or  progressive  signal  system. 

With  most  vehicles  coming  to  a  stop,  the 
average  speed  at  which  they  can  cross  an  inter- 
section is  10  to  15  miles  per  hour.  With 
traffic  moving  at  a  speed  of  12  miles  per  hour, 
the  highest  rate  at  which  a  single  line  of 
vehicles  can  enter  an  intersection  is  1,500 
passenger  cars  per  hour.  As  a  confirmation  of 
this  figure,  experience  has  shown  that  t  he 
minimum  spacing  between  passenger  car>  as 
they  start  from  a  standing  position  one 
behind  the  other  in  a  12-foot  lane  averages 
about  2.4  seconds.  The  time  intervals  for 
the  first  two  vehicles  in  line  are  usually  con- 
siderably greater  than  2.4  seconds,  but 
between  succeeding  vehicles  the  interval 
decreases  progressively  until  it  reaches  an 
average  minimum  of  2.1  seconds  between  the 
fifth  and  sixth  cars  in  line. 

Within  the  range  of  vehicles  normally  ac- 
commodated by  one  signal  cycle,  2.4  seconds 
is  a  representative  average  headway.  This 
headway  corresponds  to  an  hourly  rate  of 
1,500  vehicles.  It  follows,  then,  that  the 
basic  capacity  of  an  isolated  signalized  inter- 
section is  about  1,500  passenger  cars  per 
hour  of  green  per  12-foot  lane,  or  1,250 
vehicles  per  10  feet  of  width  per  hour  of 
green.  This  figure  corresponds  to  the  highest 
rates  at  which  vehicles  have  been  observed 
to  pass  a  point  on  a  roadway  removed  from 
the  influence  <>('  intersections  alter  being 
stopped.  It  also  corresponds  to  the  rates; 
attained  for  each  movement  through  a  signal 
ized  intersection  where  then-  are  -cparali 
signal  indications  and  traffic  lanes  for  each 
traffic  movement,  and  few  pedestrians,-  so 
that  the  permitted  movement  -  do  aol  interfere 
with  one  another. 

Possible  Capacity 

Basic  capacity  can  be  attained  onl]  ■■■ 
the  ideal  conditions  previously  described. 
Inherent  in  any  traffic  stream,  however,  are 
several  causes  for  minor  delays,  such  as 
stalled  motors  and  inept  driver-,  which  can- 
not   lie   eliminated    by    any    practical    means. 
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Figure  21. — Operation  of  traffic  at  a  rural  intersection  loaded 
to  its  possible  capacity. 
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Figure  22. — Operation  of  traffic  at  a  rural  intersection  loaded 
to  its  practical  capacity. 


These  conditions  are  included  with  the  ideal 
in  determining  basic  intersection  capacity. 

Basic  capacity,  however,  does  not  include 
any  reduction  in  capacity  caused  by  the 
following,  which  are  the  principal  factors 
that  tend  to  reduce  traffic  flow  at  intersec- 
tions: 

1.  Parked  vehicles  and  vehicles  being 
parked  or  leaving  parking  areas. 

2.  Turning  movements. 

3.  Commercial       vehicles,       including 
streetcars. 

4.  Pedestrian  interferences. 

5.  Inclement  weather  conditions. 
When  the  basic  capacity  of  an  intersection 

is  reduced  by  the  effect  which  each  of  these 
factors  that  are  present,  has  on  the  traffic 
flow,  the  possible  capacity  of  the  intersection 
is  obtained.  The  possible  capacity  of  an 
intersection  approach,  therefore,  is  the  maxi- 
mum number  of  vehicles  that  actually  can  be 
accommodated  under  the  prevailing  condi- 
tions with  a  continual  backlog  of  waiting 
vehicles. 

Practical  Capacity 

When  the  traffic  volume  on  any  intersed  ion 
approach  is  sufficient  to  tax  the  approach  to 
its  possible  capacity  during  every  signal  inter- 
val for  an  hour — that  is,  when  there  is  always 
a  backlog  of  waiting  vehicles — there  will  be 
times  when  the  queue  of  waiting  traffic  will 
become  extremely  long,  resulting  in  lengthy 
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and  intolerable  delays  for  a  large  number  of 
drivers. 

This  is  illustrated  graphically  by  figure  21, 
which  shows  the  length  of  back-up,  in  terms 
of  numbers  of  vehicles,  that  occurred  at  an 
intersection  approach  loaded  to  its  possible 
capacity.  Traffic  approaching  the  inter- 
section from  one  direction  was  of  sufficient 
volume  to  utilize  the  full  green  period  during 
each  signal  cycle  for  a  full  hour.  Some  drivers 
in  this  particular  example  were  required  to 
wait  through  six  signal  cycles  before  reaching 
and  proceeding  through  the  intersection. 
Such  lengthy  delays  are  intolerable  and  the 
traffic  volume  at  which  they  occur  can  cer- 
tainly not  be  considered  practical.  Yet, 
because  of  the  normal  short-time  variation  in 
traffic  flow  on  approach  highways  or  streets, 
this  is  the  typical  condition  which  must  and 
does  occur  at  an  intersection  when  each  green 
period  of  a  fixed-time  signal  is  fully  utilized 
for  an  entire  hour. 

The  practical  capacity  of  an  intersection 
approach  is  the  maximum  volume  that  can 
enter  the  intersection  from  that  approach 
during  1  hour  with  most  of  the  drivers  being 
able  to  clear  the  intersection  without  waiting 
for  more  than  one  complete  signal  cycle. 
With  the  normal  short-time  variation  in  flow, 
practical  intersection  capacities  have  been 
found  to  be  approximately  80  percent  of  the 
possible  capacities.  In  other  words,  at  most 
intersections  few  vehicles  will  be  required  to 


wail  for  more  than  one  signal  cycle  if  the 
hourly  approach  volume  is  80  percent  of  the 
possible  capacity.  The  comparatively  little 
delay  when  the  approach  volume  is  80  percent 
of  the  possible  capacity  is  illustrated  by  figure 
22  in  which  the  approach  volume  is  80  percent 
of  the  approach  volume  shown  in  figure  21. 
It  should  be  noted  that  all  of  the  green  periods 
were  not  fully  utilized  under  the  conditions 
represented  by  figure  22. 

Many  attempts  to  determine  intersection 
capacities  have  been  based  on  rates  attained 
during  green  periods  that  were  fully  utilized. 
Other  attempts  have  been  made  by  expanding 
the  average  rate  ettained  during  the  five  or 
ten  green  periods  in  1  hour  when  the  largest 
number  of  vehicles  passed  through  the  inter- 
section. The  first  method  completely  ignores 
the  normal  short-time  fluctuation  in  traffic 
flow,  whereas  the  second  method  fails  to 
recognize  the  effect  of  inept  drivers  and  a 
variety  of  other  factors  that  are  ever  present 
in  any  traffic  stream  and  cannot  be  eliminated. 
As  a  result,  theoretical  intersection  capacities 
are  calculated  which  are  much  higher  than 
those  possible  of  attainment  even  under  the 
best  of  prevailing  conditions. 

The  results  obtained  by  either  of  these  two 
methods  are  highly  factitious  and  approach 
the  basic  capacity  of  intersections.  Before 
these  extremely  high  volumes  could  be  attained 
in  practice  it  would  be  necessary  to  eliminate 
those  factors  that  cause  any  reduction  in  flow 
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below  the  rates  attained  during  short  peak 
periods.  Among  these  factors  are  the  stalling 
of  motors,  stopping  to  pick  up  passengers,  and 
traveling  at  spacings  greater  than  those  used 
by  the  small  group  of  reckless  drivers. 

CLASSIFICATION  OF  INTERSECTION 
TYPES 

When  the  engineers  throughout  the  country 
were  asked  to  furnish  data  on  observed  inter- 
section volumes  that  could  be  used  to  deter- 
mine intersection  capacities,  they  were 
requested  to  submit  the  highest  traffic  count 
made  at  each  intersection  during  a  period  of 
1  hour  while  most  of  the  green  intervals  for  at 
least  one  approach  were  fully  utilized  and  a 
high  percentage  of  the  drivers  had  to  wait  for 
at  least  one  full  signal  cycle  before  entering  the 
intersection.      It    is   evident,    therefore,    that 


A  street  intersection  in  a  downtown  area  during  a  peak  period. 


This  intersection,  in  tin  intermediate  area,  is  loaded  beyond  its 
ing  is  not  permitted  on  the  approach  in  ihi 


practical  capacity. 
;  block. 


Park- 


It  is  extremely  difficult  to  isolate  each  of 
the  variable  factors  that  reduce  traffic  flow 
at  signalized  intersect  ions  and  to  determine 
I  he  extent  to  which  each  influences  the 
capacity  of  intersect  ion  approaches  of  different 
widths.  Efforts  to  segregate  their  effect  one 
from  the  other  are  often  frustrated  by  the  fact 
that  they  are  in  many  cases  very  closely  inter- 
related as,  for  example,  the  number  of  right 
turns  and  the  number  of  pedestrians  crossing 
the  intersecting  street.  Even  where  the 
factors  affecting  capacity  can  be  segregated 
and  evaluated,  the  different  conditions  under 
which  they  may  later  be  applied  are  so  varied 
in  character  that  the  resulting  estimates  of 
capacity  should  be  considered  as  approxima- 
tions only. 

For  example,  in  the  discussion  of  turning 
movements  which  appears  later,  each  1  per- 
cent of  left -turning  vehicles  is  said  to  reduce 
the  capacity  of  an  intersection  approach  by 
1  percent.  Although  this  factor  is  correct  for 
the  average  intersection  under  average  condi- 


the  data  upon  which  the  following  results  are 
based  represent  volumes  exceeding  the  practi- 
cal capacities.  It  is  not  likely,  however,  that 
all  the  data  represent  possible  capacities  with 
all  green  intervals  for  an  hour  fully  utilized. 
This  condition  rarely  occurs  even  at  the  most, 
congested  intersections.  The  average  con- 
dition represented  is,  therefore,  somewhere 
between  the  possible  and  practical  capacities. 
Were  this  not  true  for  data  obtained  at  the 
most  congested  intersections  throughout  the 
country,  there  would  be  no  traffic  problem  at 
rural  or  urban  intersections. 

One  hour  is  generally  the  shortest  period  of 
time  that  conforms  to  current  traffic-counting 
practice.  The  hourly  rates  shown  as  a  result 
of  these  invest  igal ions,  therefore,  include  the 
short-time  variations  that  normally  occur  in 
the  flow  of  traffic.  When  applying  the  results 
to  intersections  where  there  are  exceptionally 
heavy  surges  of  short  duration  or  where  the 
flow  actually  exists  for  less  than  an  hour,  such 
as  at  an  entrance  or  exit  at  a  factory,  the 
capacity  rates  must,  be  calculated  for  a  like 
fractional  part  of  an  hour. 


An  intersection   in   an   outlying  area,   with  added   turning  lanes  for  left-turn    movem 
ami  separated  turning  lanes  for  right-turn  movements. 
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in  intersection  in  a  downtown  area  of  a  small  city  during  an  off-peak  period  when  pa-king 

teas  permitted. 


tions,  its  application  will  only  produce  reason- 
ably accurate  results  for  all  conditions. 

Precise  results  cannot  be  expected  in  a 
broad  application  to  intersections  of  varied 
width  and  having  different  types  of  traffic,  for 
many  reasons.      Among  these  are: 

1.  If  two  or  more  successive  vehicles 
desire  to  turn  left,  the  effect  per  vehicle 
on  the  capacity  of  the  street  is  not  as 
great  as  if  the  vehicles  turned  at  more 
widely  spaced  intervals.  The  larger  the 
number  of  left-turning  vehicles,  the  lesser 
the  effect  per  vehicle. 

2.  The  effect  on  capacity  of  left-turning 
vehicles  is  related  to  the  number  of  on- 


coming  vehicles   going   straight   through 
and  turning  left. 

3.  Each  left-turning  vehicle  crosses  the 
pat  h  of  pedestrians  moving  with  the  green 
light,  and  therefore  the  effect  of  a  left 
turn  is  to  some  extent  dependent  on  the 
number  of  pedesf  nans. 

4.  A  vehicle  waiting  to  make  a  left 
turn  causes  a  greater  relative  reduction  in 
capacity  on  a  narrow  street  than  on  a 
wider  street  or  on  one  having  a  wide  cen- 
ter-dividing island. 

It  is  obvious  that  the  correction  factors 
needed  to  meet  the  possible  combinations  of 
the  five  elements  enumerated  under  the  dis- 


An  intersection  on  a  high-type  facility.     The  traffic  volume  is  near  the  practical  capacity 
of  the  intersection,  although   between   intersections   the  highway  is  adequate  for  a 


cussion  of  possible  capacity  would  total  a  very 
sizable  number.  Rather  than  attempting  to 
apply  each  of  these  varied  correction  factors, 
it  is  much  more  feasible  that  intersections  be 
grouped  into  certain  classes  or  categories  for 
which  the  combined  effect  of  several  elements 
which  usually  occur  in  about  the  same  com- 
bination can  be  easily  determined  or  applied. 
The  capacity  of  any  intersection  that  does  not 
fall  directly  wit  hin  a  particular  class  can  be 
determined  with  a  reasonable  degree  of  accu- 
racy by  interpolation. 

The  variables  by  which  intersections  have 
been  classified  are  as  follows: 

1.  Street  width:  Various  ranges  of  street 
width  within  which  the  capacity  per  10 
feet  of  width  shows  little  variation  when 
other  conditions  are  comparable. 

2.  Type  of  area:  Downtown,  inter- 
mediate,  or  outlying. 

.3.  Parking  regulations:  Parking  pro- 
hibited or  permitted. 

4.  Streetcars:  With  or  without  street- 
cars. 
These  variables  are  sufficiently  descriptive 
to  classify  most  intersections.  It  would  have 
been  desirable  to  have  had  further  break- 
downs for  items  such  as  the  percentage  of 
commercial  vehicles,  the  presence  of  bus- 
loading  zones,  the  percentage  of  vehicles 
involved  in  turning  movements,  the  extent 
to  which  the  parking  spaces  were  utilized, 
and  the  number  of  pedestrians.  The  four 
variables  listed  above,  however,  are  suffici- 
ently descriptive  to  classify  most  intersections 
so  that  the  actual  capacity  for  any  condition 
can  be  estimated  with  a  reasonable  degree  of 
accuracy.  Within  the  downtown  area,  for 
example,  most  available  parking  spaces  will 
be  utilized  and  there  will  generally  be  a  large 
number  of  pedestrians  during  the  peak  hour. 
If  this  is  not  true  at  the  particular  inter- 
section under  consideration,  a  capacity  either 
in  the  upper  or  lower  part  of  the  range  for  the 
downtown  intersections  would  be  more  appli- 
cable than  the  average  value. 


Table  17. — Average  of  maximum  observed 
capacities  at  urban  signalized  intersec- 
tions free  from  streetcars  ami  curb  park- 
ing on  the  ap,>roach  streets:  For  ap- 
proaches loaded  beyond  their  practical 
capacities 


1  >i i\\  ii- 

tOUTl 

area 

Inter- 
mediate 
area 

Out- 
lying 
area 

Vehki.es  per  Hour  of  Green 
Approach  Width 

»er  10  Fi 
i 

;et  of 

Total  street  widl  h.  cui  b 
in  curb: 

31-4fi  feet. 

717 
710 
7114 
730 

888 
595 
538 
695 

703 
638 

673 

i:  lii  feet 

fi.i  feet  and  over 

All  widths 

Average  Prevailing  Co 

NDITIONS 

l  'edestrian  crossings 

Percentage  of  vehicles: 

Turning  right..  _     .. 

Turning  left 

Percentage   of  commer- 
cial vehicles 

2,200 

12 
13 

11 

880 

11 
11) 

10 

200 

11 
13 

9 

much  greater  volume. 
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1  Approach  width  assumed  to  be  one-half  of  total  street 
width  because  these  results  include  two-way  streets  only. 


December  1949  •   PUBLIC  ROADS 


HIGHEST    OBSERVED    VOLUMES 
AVERAGE  CONDITIONS 


EOR 


INTERMEDIATE    AREAS 


DOWNTOWN    AREAS 


Capacities  where  parking  is  prohibited 

Table  17  shows  the  average  traffic  volumes 
recorded  at  a  large  number  of  intersections  in 
cities  distributed  throughout  the  country, 
during  periods  in  which  the  volumes  ap- 
proached the  capacity  of  the  intersections. 
These  results  are  for  four-way  intersections 
controlled  by  fixed-time  signals  and  free  from 
streetcars  and  parked  vehicles  on  the  approach 
streets.  The  range  of  volumes  averaged  in 
table  17  is  shown  in  figure  23. 

The  difference  between  the  figures  shown  in 
table  17  and  the  basic  intersection  capacity  of 
1,250  vehicles  per  hour  of  green  per  10  feet  of 
width  can  be  attributed  to  the  combined  effect 
of  pedestrians,  turning  movements,  commer- 
cial vehicles,  short-time  fluctuations  in  flow, 
and  other  causes  as  they  were  present  at  the 
average  intersection  of  each  type.  In  down- 
town areas  the  reduction  below  basic  capacity 
from  these  causes  averages  about  40  percent, 
while  in  intermediate  and  outlying  areas  it  is 
slightly  larger,  being  about  43  percent. 

In  the  downtown  areas,  there  is  little  differ- 
ence in  the  volume  of  traffic  handled  per  unit 
of  width  by  the  narrow  and  the  wider  streets, 
whereas  in  the  intermediate  and  outlying  areas 
the  narrower  streets  handled  somewhat  more 
traffic  per  unit  of  width  than  the  wider  streets. 
A  number  of  explanations  can  be  offered  for 
this  characteristic  difference  between  street 
widths  in  the  various  areas,  but  such  explana- 
tions are  of  little  practical  value  unless  the 
effect  of  each  cause  can  be  established  and 
applied  when  estimating  capacity  volumes  for 
specific  intersections.  The  averages  of  the 
more  important  conditions  affecting  intersec- 
tion capacities  that  prevailed  at  locations  in 
each  area  where  parking  is  prohibited  are 
shown  at  the  bottom  of  table  17. 

Capacities  where  parking  is  permitted 

Table  18  shows  the  average  traffic  volumes 
recorded  at  intersections  where  parking  was 

Table  18. — Average  of  maximum  observed 
capacities  at  urban  signalized  intersec- 
tions free  from  streetcars  but  with  curb 
parking  permitted  on  the  approach 
streets:  For  approaches  loaded  beyond 
their  practical  capacities 


Down- 
town 
area 

Inter- 
mediate 
area 

Out- 
lying 

area 

Vehicles  per  Hour  of  Green  per  10  Feet  of 
Approach  Width  ' 

Total  street  width,  curl) 
to  curb: 
31-41!  feet     -  

383 
41(1 
400 
398 

435 
475 
470 
453 

732 

618 

692 

47-64  feet          

65  feet  ami  nvri 

All  widths    

Average  Prevailing  Conditions 

Pedestrian  crossings .- 
Percentage  of  vehicles: 
Turning  right .. 

2.700 

17 
9 

11 

5C0 

6 

8 

10 

200 

14 
11 

12 

Percentage   of  commer- 

1  Approach  width  assumed  to  be  one-half  of  total 
street  width  because  these  results  include  two-way 
streets  only 

PUBLIC  ROADS  •  Vol.  25,  No.  11 


PARKING  PERMITTED 

~ 

STREET  WIDTH-FEET 

SYMBOL      RANGE      AVG       AVG  CAPACITY 
0             „-.,        ,. 

• 

i 

m 

PARKING  PERMITTED 


STREET  WIDTH-FEET 

SYMBOL     RANGE     AVG      AVG  CAPACITY 


2       3      4      5      6       7 


9      10     II      12     13     14     15     16 


o   40 


PARKING   PROHIBITED 


(— 1        LJ 


STREET  WIDTH-FEET 

SYMBOL  RANGE  AVG   AVG  CAPACITY 

ji-46      )b  eee 


0       12      3      4      5      6      7 


9      10     II      12     13     14      15    16 


0       1       2      3      4      5      6      7 


12     13     14     15     16 


HUNDREDS   OF  VEHICLES  PER  10  FEET  OF  STREET  WIDTH   PER   HOUR  OF  GREEN 
Figure  23. — Freipiency  distribution  of  intersection  capacities. 


permitted  at  the  curb  on  the  approach  streets. 
Except  for  this  feature,  these  intersections  are 
comparable  in  all  other  respects  to  the  inter- 
sections for  which  data  are  shown  in  table  17. 
It  is  emphasized  that  the  rates  are  for  the 
entire  approach  width,  including  the  portion 
of  the  street  occupied  by  the  parked  vehicles. 
This  basis  for  showing  the  results  was  used  so 
that  the  total  effect  of  the  parked  vehicles 
could  be  obtained  without  introducing  errors 
by  deducting  an  assumed  street  width  for  the 
space  they  occupy.  The  range  of  observed 
volumes  averaged  in  table  IS  is  shown  in 
figure  23. 


Comparison  of  the  data  shown  in  tables  17 
and  18  reveals  that  capacity  volumes  on  down- 
town streets  where  parking  is  permitted  are 
about  55  percent,  on  the  average,  of  those 
observed  where  parking  is  prohibited.  In 
intermediate  areas  the  effect  of  curb  parking 
is  somewhat,  less,  causing  an  average  reduction 
of  about  35  percent.  In  outlying  areas,  where 
but  few  vehicles  park,  street  capacity  is  gener- 
ally not  impaired  by  vehicles  parking  or  un- 
parking.  The  occasional  driver  who  does  de- 
sire to  park  is  usually  able  to  pull  directly  into 
a  parking  space  instead  of  backing  in  as 
is  required  in  areas  where  most  parking 
spaces  are  occupied. 


Heavy  bus   traffic  in   a   downtown   area.        it    this   intersection    busses   load  and   unload  a, 
both  the  curb  ami  the  outer  separator. 
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Figure  24. — Average  reported  intersection  capacities  for  two-way  streets  by  type  of  area 

and  parking  regulation. 


Curb  parking  has  less  effed  on  street  capac- 
ities in  intermediate  areas  away  from  business 
centers  than  in  downtown  areas  because  fewer 
cars  are  found  at  the  curb  even  though  it  may 
be  perfectly  legal  to  park.  Also  the  turnover 
is  not  as  great,  resulting  in  less  interference  to 
the  moving  traffic. 

It  is  especially  significant  that  whatever  the 
width  of  a  downtown  street,  intersection 
capacities  where  curb  parking  is  permitted  are 
from  43  to  47  percent  below  tine  capacities  for 
similar  streets  where  curb  parking  is  pro- 
hibited. The  difference  for  the  two  conditions 
is  not  due  entirely  to  the  street  space  occupied 
by  the  parked  vehicles.  Also  included  is  the 
combined  effect  of  the  many  other  factors  that 
tend  to  restrict  traffic  flow  which  are  present, 
where  parking  is  permitted,  such  as  the  inter- 
ference to  through  traffic  caused  by  drivers 
maneuvering  to  enter  or  leave  parking  spaces 
and  the  tendency  of  drivers  to  shy  away  from 

Table  L9. —  iverage  reported  capacities  of 
downtown  streets  at  intersections  where 
there  are  tiro  ear  tracks  and  a  loading 
island  with  no  parking  adjacent  to  the 
island 
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parked  vehicles  to  avoid  the  possibility  of 
hitting  a  car  starting  to  pull  out,  or  a  pedestrian 
coming  from  between  the  parked  vehicles. 

That  a  line  of  vehicles  parked  adjacent  to 
the  curb  reduces  the  effective  street  width 
more  than  7  or  8  feet  becomes  evident  when 
street  widths  necessary  to  accommodate  the 
same  traffic  volumes  at  locations  where  park- 
ing is  permitted  and  where  parking  is  pro- 
hibited are  compared.  Figure  24  shows,  for 
example,  that  the  average  40-foot  street  with 
no  parking  in  a  downtown  area  can  accom- 
modate- the  same  volume  of  traffic  as  the 
average  68-foot  street  on  which  parking  is 
permitted.  This  is  a  reduction  of  14  feet  in 
the  effective  width  of  the  68-foot  street  for 
each  line  of  parked  vehicles. 

figure  24  shows  graphically  the  relation 
between  the  average  reported  intersection 
approach  capacities  and  the  total  street  width 
for  the  three  types  of  areas.  The  conditions 
for  which  the  curves  apply  are  listed  on  the 
chart,  ll  will  be  noted  that  these  conditions 
are  representative  of  those  occurring *at  the 
average  intersection,  a  separate  curve  being 
shown  for  streets  on  which  streetcars  operate. 

The  conditions  listed  on  figure  24  are  not- 
all  of  those  prevailing  that  affected  the  maxi- 
mum observed  volumes  during  periods  that 
traffic  flow  exceeded  the  practical  capacities. 
In  the  average  downtown  area,  for  example, 
traffic  regulations  are  more  rigidly  enforced, 
available  parking  spaces  are  more  fully  uti- 
lized, and  there  is  more  stopping  to  unload  and 
pick  up  passengers,  than  in  the  intermediate 
areas.  The  differences  between  these  condi- 
tions in  the  two  types  of  areas  account  in  part 
at  least  for  the  higher  average  capacities  on 
streets  of  the  same  widths  in  the  intermediate 


areas  than  in  the  downtown  areas  when  park- 
ing is  permitted,  whereas  the  reverse  is  true 
for  the  streets  when  parking  is  prohibited.  In 
other  words,  street  capacities  are  increased 
less  by  prohibiting  parking  in  areas  where  a 
low  demand  for  parking  exists  and  parking 
restrictions  are  not  enforced,  than  in  areas 
where  the  demand  is  great  and  parking  restric- 
tions are  enforced. 

Capacity  of  streets  having  streetcars 

The  presence  of  streetcars  can  affect  the 
capacity  of  a  street  in  a  number  of  ways,  de- 
pending on  local  practices  and  regulations  as 
well  as  on  structural  features  such  as  loading 
islands.  Headway  between  streetcars  and 
the  question  of  whether  or  not  free-wheeled 
vehicles  are  permitted  use  of  the  car-track 
lanes  are  matters  that  must  be  considered  in 
addition  to  all  the  elements  that  pertain  to 
the  capacity  of  streets  where  there  are  no 
streetcars. 

The  following  characteristics  are  peculiar 
to  most  downtown  intersections  where  con- 
gestion is  a  problem  and  where  there  are  street- 
car tracks: 

1.  Loading  islands  or  safety  zones  are 
provided  on  the  intersection  approach. 

2.  Free-wheeled  vehicles  are  not  per- 
mitted to  use  the  car-track  lane  adjacent 
to  the  loading  island. 

3.  Curb  parking  is  not  permitted  for  a 
distance  equal  to  and  usually  in  excess  of 
the  length  of  the  loading  island. 

Table  19  shows  average  reported  capacities 
for  downtown  intersection  approaches  where 
the  foregoing  conditions  prevail.  These  fig- 
ures are  for  straight-through  tracks  only.  If 
the  intersection  is  blocked  by  streetcars  turn- 
ing, the  time  during  which  free-wheeled  ve- 
hicles are  prevented  from  moving  for  this 
reason  should  be  deducted  from  the  available 
green  signal  time.  The  range  of  volumes 
averaged  in  table  19  is  shown  in  figure  25. 

It  will  be  noted  that  the  capacity  per  10 
feet  of  width  decreases  rapidly  with  an  in- 
crease in  the  distance  between  the  curb  and 
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Figure  25. — Frequency  distribution  of  ob- 
served intersection  capacities  on  down- 
town streets  with  streetcars. 
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the  loading  platform.  This  suggests  that 
pedestrians  going  to  and  from  the  platform 
may  interrupt  the  flow  of  traffic  to  a  greater 
extent  when  the  street  width  between  the  curb 
and  platform  is  wide  than  when  it  is  narrow. 

EFFECT  OF  VARIABLE  CONDITIONS  ON 
CAPACITY 

Among  the  variable  conditions  that  affect 
capacity  of  intersections  are  the  proportion  of 
commercial  vehicles  in  the  total  traffic  volume, 
the  existence  of  bus  stops,  the  extent  of  turning 
movements,  the  type  of  signal  system,  and  the 
use  of  one-way  operation.  These  conditions, 
and  their  effects  on  the  capacity  of  intersec- 
tions of  the  common  type,  are  considered  in 
the  following  paragraphs.  Thereafter,  the 
capacity  of  intersections  on  high-type  facilities 
is  discussed. 

Com mon-'Type  Intersections 

Commercial  vehicles 

The  presence  of  commercial  vehicles  tends 
to  reduce  intersection  capacities  in  terms  of 
the  total  number  of  vehicles  because  their 
acceleration  rates  are  lower  and  they  occupy 
more  road  space  than  passenger  cars.  On  the 
average,  one  commercial  vehicle,  not  including 
those  that  stop  to  pick  up  or  discharge  pas- 
sengers or  goods,  is  equivalent  in  an  inter- 
section capacity  sense  to  two  passenger  cars. 
This  is  true  only  when  they  are  not  involved  in 
turning  movements  or  where  the  turning 
movements  can  be  made  without  more  than 
normal  interference  with  other  vehicles. 

Bus  stops 

The  effect  of  busses  stopping  to  load  and 
unload  passengers  on  the  capacity  of  a  specific 
intersection  depends  to  a  large  extent  on  the 
many  different  conditions  present  at  the  inter- 
section. Analyses  of  the  available  data  show 
the  following  results  for  the  average  conditions 
prevailing  at  signalized  intersections  where  the 
total  street  width  is  under  60  feet: 

1 .  Streets  in  the  downtown  and  intermediate 
areas  where  parking  is  permitted,  except  at 
a  near-side  bus  stop,  have  a  12-percent  higher 
capacity  than  the  streets  where  busses  do  not 
load  and  unload  and  parking  is  not  restricted 
near  the  intersections. 

2.  In  the  downtown  and  intermediate  areas 
where  parking  is  prohibited,  the  streets  with 
bus  stops  on  the  near  side  of  the  intersection 
have  a  15-percent  lower  capacity  than  the 
streets  where  there  are  no  bus  stops.  The 
corresponding  figures  for  far-side  bus  stops  are 
8  percent  in  the  downtown  areas  and  20  per- 
cent in  the  intermediate  areas. 

There  is  evidence,  therefore,  that  elimina- 
tion of  parking  near  the  intersection  to  provide 
a  bus  stop  helps  more  to  increase  the  capacity 
than  the  stopping  of  the  busses  decreases  the 
capacity.  Also,  on  streets  where  parking  is 
prohibited,  the  results  indicate  that  to  achieve 
high  capacities  bus  stops  in  the  downtown 
area  should  be  on  the  far  side  of  the  inter- 
sections wherever  possible  while  stops  outside 
of  the  central  business  district  should  be  on  the 
near  side  of  the  intersections.  It  is  recognized 
that  considerations  other  than  street  capacity 
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often  govern  in  the  selection  of  bus  stop  loca- 
tion. Insufficient  data  are  available  to  draw 
any  conclusions  for  streets  over  60  feet  wide 
or  for  the  relative  merits  of  near-  and  far-side 
stops  on  streets  where  parking  is  permitted. 

The  above  figures  apply  only  to  conditions 
found  at  the  average  intersection  on  streets 
in  the  two  types  of  areas.  There  are  many 
specific  conditions  that  are  far  from  average. 
Probably  the  one  condition  which  is  apt  to  be 
farthest  from  average  at  a  specific  location  is 
the  number  of  busses.  A  few  studies  con- 
ducted on  the  same  streets  during  periods  of 
normal  operation  and  again  during  periods 
when  the  bus  operators  were  on  strike  show 
that  one  bus  has  the  same  effect  on  intersec- 
tion capacity  as  three  to  five  passenger  cars. 
These  results  apply  only  to  locations  where 
parking  was  prohibited  for  the  entire  distance 
between  intersections  and  relatively  short 
stops  were  made  by  the  busses  to  pick  up  and 
discharge  passengers. 

Observations  also  indicate  that  on  wide 
multilane  streets  where  there  are  a  large  num- 
ber of  busses,  or  the  busses  stop  for  long  periods 


to  take  on  and  discharge  passengers,  the  busses 
in  each  direction  reduce  the  effective  street 
width  for  passenger  cars  by  at  least  12  feet. 

Turning  movements 

The  extent  to  which  turning  movements 
reduce  the  capacity  of  intersections  is  depend- 
ent upon  such  conditions  as  the  intersection 
lay-out  or  treatment,  pedestrian  movement, 
the  volume  of  oncoming  traffic,  and,  of  course, 
upon  the  number  of  vehicles  turning  right  or 
left.  In  most  instances,  the  detrimental  effect 
of  turning  movements  in  rural  areas  can  be 
greatly  reduced  through  proper  channelization 
and  widening  of  the  pavement.  Under  ad- 
verse conditions,  the  effect  of  turning  move- 
ments may  be  sufficiently  great  to  reduce  the 
practical  capacity  of  an  intersection  on  a  two- 
lane  road  or  street  by  as  much  as  50  percent. 
On  a  multilane  facility  under  similar  condi- 
tions, the  left  lane  may  have  its  capacity 
reduced  by  50  percent  or  more  as  a  result  of 
heavy  turning  movements. 

The  only  general  criterion  obtained  by 
analyzing  the  available  intersection  data  was 


An  intersection  with  a  separated  right-turning  lane. 
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Figure  26. — Intersection  capacities  of  one-way  streets  by  type  of  area  and  parking  regulation 


that  each  1  percent  of  the  total  traffic  turning 
right  reduced  the  capacity  flow  %  percent,  and 
that  eacli  1  percent  of  the  total  traffic  turning 
left  reduced  the  capacity  flow  1  percent. 
These  percentages  apply  only  where  there  is 
no  separate  signal  indication  for  the  turning 
movements  and  where  all  turns  comprise  less 
than  30  percent  of  the  total  traffic.  Above 
30  percent,  no  additional  decrease  in  volume 
was  apparent. 

Where  there  are  separate  signal  indications 
for  turning  movements,  careful  investigations 
are  usually  required  and  it  is  difficult  to  formu- 
late specific  rules  for  these  situations.  As  a 
general  rule,  the  total  street  width  is  pro- 
portioned between  the  various  movements  in 
the  ratio  of  the  number  of  lanes  utilized  by 
traffic  in  the  performance  of  these  movements. 
The  capacity  for  each  separate  movement  is 
then  computed,  using  as  a  basis  the  length  of 
the  interval  and  width  of  street  allotted  to  the 
particular  movement.  The  capacity  of  the 
intersection  approach  is  a  summation  of  the 
computed  capacities  for  all  movements  em- 
anating from  that  approach.  Because  the 
object  of  separate  signal  indications  is  the 
elimination  of  conflicts  between  various 
movements,  the  rate  of  flow  for  turns  will 
generally  be  the  same  as  that  for  straight- 
through  movements. 

Signal  system 

The  type  of  signal  system  on  a  street  makes 
little  difference  in  the  possible  capacity  of  the 
facility.  Although  a  perfectly  planned  pro- 
gressive signal  system  may  function  well  with 
low  or  even  moderately  heavy  traffic  volumes, 
some  traffic  will  be  stopped  by  the  red  light 
at  each  signal  when  the  traffic  volume  becomes 
sufficient  to  tax  the  capacities  of  the  inter- 
sections. Vehicles  following  on  the  next  band 
will  be  slowed  by  these  waiting  vehicles  and 
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the  system  is  immediately  thrown  off  balance. 
The  higher  speed  for  which  the  system  was 
planned  cannot  be  regained  until  the  traffic 
density  becomes  less  than  that  which  occurs 
when  the  street  is  carrying  near  capacitj 
loads.  The  benefits  accruing  to  vehicle 
operators  as  a  result  of  a  progressive  signal 
system  are  reflected  in  a  saving  in  time  to  the 
traffic  using  the  facility,  but  this  lime  saving 
declines  rapidly  when  the  practical  capacity 
is  exceeded. 

The  saving  in  travel  time  with  a  progressive 
system  is  not  directly  related  to  I  he  ability 
of  the  street  to  handle  traffic  in  terms  of  the 
number  of  vehicles.  Normally,  the  actual 
number  of  vehicles  that  can  pass  a  point  during 
1  hour  is  not  increased  appreciably  by  a  pro- 
gressive system.     The  exception  is  where  the 


distance  between  traffic  signals  is  so  short 
that  the  road  space  between  them  will  not 
accommodate  the  number  of  vehicles  passing 
through  one  intersection  and  headed  for  a 
second  intersection  during  one  complete  signal 
cycle.  This  being  true,  there  is  a  possibility 
that  sounder  principles  may  be  developed  for 
adjusting  a  progressive  system  for  peak  loads 
as  a  result  of  these  investigations. 

One-way  operation 

Figure  26  shows  intersection  capacities  for 
one-way  streets  by  type  of  area  and  parking 
regulation  when  10  percent  of  the  traffic  is 
commercial  vehicles  and  20  percent  of  the 
total  traffic  is  involved  in  turning  movements. 
The  advantage  of  one-way  streets  over  two- 
way  streets  from  the  capacity  viewpoint  is 
illustrated  for  certain  conditions  by  figures 
27  and  28.  The  advantage  of  one-way  streets 
over  two-way  streets  will  vary  with  the  dis- 
tribution of  traffic  by  direction  on  the  two- 
way  streets,  the  relative  number  of  turning 
movements  involved,  and  the  width  of  the 
streets. 

Figure  27  shows  the  advantage  of  one-way 
streets  over  two-way  streets  in  the  downtown 
area  where  two-way  streets  normally  carry 
between  50  and  60  percent  of  the  traffic  in 
one  direction  during  the  peak  periods.  Fx- 
cept  for  the  streets  over  60  feet  wide  with 
liarking  on  both  sides  and  a  50-50  distribu- 
tion  of  traffic  by  direction  on  the  two-way 
streets,  the  capacity  of  a  one-way  street  is 
higher  than  the  capacity  of  a  two-way  street. 
For  example,  a  one-way  street  20  feet  wide 
willi  parking  prohibited  has  approximately 
double  the  capacity  of  a  two-way  street  with 
parking  prohibited  when  between  50  and  60 
percent  of  the  traffic  on  the  two-way  street 
is  t raveling  in  the  one  direction.  Likewise,  a 
-i  reel  50  feel  wide  will  accommodate  between 
l.'i  and  60  percent  more  traffic  with  one-way 
operation  than  with  two-way  operation, 
depending  on  the  distribution  of  traffic  by 
direction  on  the  two-way  street. 

Also,  a  one-way  street  with  parking  on  one 
side  will  accommodate  approximately  the 
same  total  traffic  as  the  same  width  of  two- 


The  effect  of  left-turning  vehicles  on  intersection  capacities  is  dependent   upon  a  large 

number  of  variable  conditions. 
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way  street  with  no  parking.  The  two-way 
streets  are  considered  to  be  at  their  capacity 
volumes  when  the  traffic  in  the  direction  of 
(lie  heavier  flow  equals  the  capacity  of  the 
approaches  used  by  traffic  traveling  in  that 
direction. 

Figure  28  shows  the  comparative  capacities 
of  one-way  and  two-way  streets  in  inter- 
mediate areas  where  the  volume  in  one  direc- 
tion includes  up  to  67  percent  of  the  total 
flow  on  two-way  streets.  For  this  condition 
there  is  also  a  greater  advantage  in  making 
the  narrow  streets  one-way  than  in  making 
the  wider  streets  one-way.  It  may  be  noted 
that  the  total  capacity  of  a  two-way  street 
with  a  67-33  distribution  of  traffic  by  direc- 
tions is  the  same  when  parking  is  prohibited 
as  when  parking  is  permitted  on  the  side 
carrying  the  lower  traffic  flow.  Also,  a  one- 
way street  50  feet  wide  with  parking  on  both 
sides  has  the  same  capacity  as  a  50-foot  two- 
way  street  either  with  no  parking  or  with 
parking  on  one  side. 

Intersections  on  High-Type  Facilities 

At  highway  intersections  where  pedestrian 
interference  for  the  most  part  is  eliminated, 
where  separate  lanes  for  each  traffic  movement 
are  provided  so  that  the  permitted  movements 
do  not  interfere  with  one  another,  where 
commercial  vehicles  are  not  present,  and 
where  the  geometric  features  of  the  highway 
are  of  a  high  standard,  a  basic  capacity  of 
about  1,500  vehicles  per  hour  of  green  per 
12-foot  lane  may  be  approached.  The  type 
of  facility  to  which  this  is  applicable  would 
be  a  divided  highway,  in  a  rural  or  an  urban 
area,  with  added  turning  lanes  of  adequate 
design  provided  for  both  right  and  left  turns, 
with  shoulder  space  for  disabled  or  tempo- 
rarily stopped  vehicles,  and  with  no  other 
roadside  interference  on  the  approaches  of  the 
intersection — that  is,  a  facility  normally 
referred  to  as  an  expressway. 

Where  such  conditions  exist,  the  method 
for  capacity  analysis  given  for  street  inter- 
sections is  not  directly  applicable.  Instead, 
a  procedure  of  starting  with  the  basic  capacity 
and  reducing  this  value  to  fit  prevailing  road- 
way and  traffic  conditions  is  suggested. 
Because  express-type  facilities  are  intended 
for  rapid  vehicular  movement  with  a  mini- 
mum of  operational  delay,  practical  capacity 
rather  than  possible  capacity  should  be  used 
for  design.  Under  the  conditions  outlined 
in  the  preceding  paragraph  there  is  little 
difference  between  basic  and  possible  capacity. 
Since  practical  capacity  at  intersections  has 
been  found  to  be  about  80  percent  of  possible 
capacity,  it  follows  that  the  practical  capacity 
of  a  12-foot  traffic  lane  is  1,500X0.80=1,200 
passenger  vehicles  per  hour  of  green.  This 
is  equivalent  to  1,000  passenger  vehicles  per 
hour  of  green  per  10  feet  of  width. 

ADJUSTMENTS  FOR  SPECIFIC 
CONDITIONS 

The  ability  of  intersections  to  accommodate 
high  hourly  traffic  volumes  has  been  grossly 
overrated  in  the  past.  The  application  of 
attainable  capacities,  which  in  some  cases  are 
so  low  as  to  be  astonishing,  will  be  an  impor- 

PUBLIC  ROADS  •  Vol.  25,  No.  11 


z> 
o 

X 
f£ 

fjj 

Q. 

(O  r- 
UJ   X 

2  3 

X 
UJ 

> 


u. 
o 

or 

UJ 
CO 


o 


4400 

4000 

3600 

3200 

2800 

2400 

2000 

1600 

1200 

800 

400 

0 

4400 


CONDITIONS: 

~  FIXED   TIME    SI6 

10  PERCENT  C0MM 
_  20  PERCENT  TURN 

NO  STREET  CARS 


IN   DOWNTOWN  AREAS 


JTI0N    OF 
TRAFFIC   FLOW   BY  DIRECTION 
ON   TWO-WAY    STREETS 


ONE-WAY    STREETS 
TWO-WAY   STREETS 


10 


20 


30 


40 


50 


60 


70 


80 


QC 

Z> 

o 

4000 

X 

or 

3600 

UJ 

o_ 

3200 

co 

1- 

UJ 

_i 

I 
O 

2800 

o 

_l 

X 

2400 

UJ 

z 

> 

LU 

III 

2000 

o 

or 
o 

or 

ii 

1600 

Id 

o 

LU 

1200 

:» 

d 

z 

800 

_i 

< 

i- 

400 

o 

h- 

0 

CONDITIONS: 

-  FIXED  TIME    SIGNAL 
10  PERCENT  C0MM 

—  20  PERCENT  TUR 
NO  STREET  CARS 


IN  INTERMEDIATE   AREAS 


DICATES     DISTRIBUTION    OF 
TRAFFIC   FLOW   BY   DIRECTION 
ON   TWO-WAY    STREETS 


ONE-WAY    STREETS     — — — 
TWO-WAY    STREETS     —  — 


10  20  30  40  50  60  70 

TOTAL   STREET   WIDTH    IN    FEET    (  CURB  TO   CURB) 


80 


Figure  27  (above)  and  figure  28  (below). — Comparison  of  average  street  intersection  capaci- 
ties with  one-way  and  two-way  operation,  in  downtown  and  in  intermediate  areas. 


tant  step  in  alleviating  congestion  on  existing 
facilities  and  in  estimating  the  needed  improve- 
ment for  future  requirements. 

As  previously  stated,  the  intersection 
capacities  that  have  been  presented  are 
averages  for  maximum  recorded  traffic  vol- 
umes under  the  conditions  that  prevailed  at 
the  average  intersection  of  each  general  clas>. 
They  are  peak  volumes  during  periods  that 
the  approaching  traffic  exceeded  the  practical 
intersection  capacities.  Since  there  is  a  wide 
range  in  the  maximum  volumes  for  each 
group  into  which  the  intersections  have  been 
classified,  it  is  essential,  when  estimating  I  he 
capacity  of  any  specific  intersection,  that  the 
average  figures  as  presented  be  adjusted  to 
provide  for  the  difference  between  average 
conditions  and  the  existing  or  future  condi- 
tions at  the  specific  location.  Figures  23  and 
25,  which  show  the  distribution  of  observed 


rates  at  congested  intersections,  illustrate  the 
need  for  making  such  adjustments. 

Rates  exceeding  those  for  the  average 
intersection  are  applicable  only  when  condi- 
tions which  restrict  the  flow  of  traffic  are  not 
present  in  the  same  degree  as  at  the  average 
intersection  of  the  same  class.  Likewise,  when 
the  restricting  conditions  are  more  pronounced 
than  at  the  average  intersect  ion,  and  this 
will  be  the  case  about  50  percent  of  the  time, 
rates  below  average  should  be  applied. 

The  highest  ra  I  es  recorded  are  about  700  ve- 
hicles per  10  feet  of  street  width  per  hour  of 
green  or  go  time  in  areas  where  parking  is 
permitted  between  intersections,  and  about 
1,250  vehicles  per  10  feet  of  street,  width  per 
hour  of  green  in  areas  where  parking  is  pro- 
hibited. These  rates  cannot  occur  where  the 
various  movements  interfere  will)  one  an- 
other, where  pedestrians  are  present,  or  where 
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Flexible  lane  usage:  Normally  litis  is  a  two-way  street,  but  during  the  morning  rush  there 
nre  four  lanes  provided  for  south-bound  traffic  and  one  lane,  restricted  to  local  and 
bus  traffic,  for  north-bound  vehicles.  The  operation  is  reversed  for  the  afternoon 
peak  load.  Widely  spaced  vehicles  suggest  moderately  high  speeds,  which  is  indica- 
tive of  heavy  volume  with  little  congestion.  Note  that  the  single  parked  vehicle  has 
deprived  traffic  of  the  use  of  a  full  lane  and,  further,  that  traffic  passing  the  standing 
vehicle  allows  a  ivide  margin  of  clearance. 


trucks  or  busses  are  present.  Even  under  the 
most  ideal  conditions  for  high  capacities  where 
these  rates  did  occur,  operating  conditions 
could  not  be  considered  satisfactory. 

Intersections  on  existing  or  contemplated 
facilities  should  not  be  expected  to  accommo- 
date the  peak  capacities  that  have  been 
recorded  at  the  few  locations  where  conditions 
were  most  favorable  for  high  rates  of  flow. 
Such  an  expectation  would  probably  result  in 
operating  conditions  that  would  be  less  favor- 
able than  those  now  present  in  our  most 
congested  areas. 

If  it  were  possible  to  list  all  the  factors  that 
tend  to  reduce  intersection  capacities,  and  the 
quantitative  effect  of  each,  the  most  appro- 
priate procedure  to  follow  in  estimating  the 
capacity  of  a  specific  intersection  would  be  to 
start  with  the  capacity  for  ideal  conditions 
and  deduct  a  certain  amount  for  each  of  the 
prevailing  conditions  that  are  not  ideal.  This 
procedure  is  not  possible  of  application,  how- 
ever, because  a  quantitative  measure  has  been 
obtained  for  only  the  more  important  factors 
that  affect  intersection  capacity. 

A  number  of  adjustments  are  necessary 
when  applying  the  information  for  average 
intersection  conditions,  as  shown  by  figure  24, 
to  a  specific  location  where  conditions  are  not 
average.  The  most  important  of  these  ad- 
justments are  described  here. 
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I. — Two-way  streets  with  no  added  turning 
lanes  and  no  separate  signal  period  for 
turning  movements 

1.  Possible  and  practical  capacities: 

A.  Possible  capacity. — On  an  average,  pos- 
sible capacities  are  about  10  percent  higher 
than  the  average  rates  represented  in  figure  24. 
Volumes  10  percent  higher  will  pass  through 
the  intersection,  but  only  with  a  continuous 
back-log  of  vehicles  and  extremely  long  delays 
to  a  high  percentage  of  the  drivers. 

B.  Practical  capacity. — On  an  average,  prac- 
tical capacities  are  about  10  percent  lower  than 
the  average  rates  represented  in  figure  24. 
Volumes  10  percent  lower  will  pass  through 
the  intersection  with  few  drivers  having  to 
wait  longer  than  for  the  first  green  period. 

2.  Commercial  vehicles: 

Subtract  1  percent  for  each  1  percent  by 
which  commercial  vehicles  exceed  10  percent 
of  the  total  number  of  vehicles,  or  add  1 
percent  for  each  1  percent  that  commercial 
vehicles  are  less  than  10  percent  of  the  total. 

3.  Turnino  movements: 

A.  Right  turns. — Subtract  }'>  percent  for 
each  1  percent  by  which  traffic  turning  right 
exceeds  10  percent  of  the  total  traffic,  or 
add  V2  percent  for  each  1  percent  that  traffic 
turning  right  is  less  than  10  percent  of  the 
total  (maximum  reduction  for  right  turns  not 
to  exceed  10  percent). 


B.  Left  turns. — Subtract  1  percent  for 
each  1  percent  by  which  traffic  turning  left 
exceeds  10  percent  of  the  total  traffic,  or  add  1 
percent  for  each  1  percent  that  traffic  turning 
left  is  less  than  10  percent  of  the  total  (maxi- 
mum deduction  for  left  turns  not  to  exceed  20 
percent) . 

Note. — 'Maximum  deduction  for  right  and 
left  turns  combined  should  not  exceed  20 
percent. 

4.  Bus  stops  and  elimination  of  park- 
ing- near  intersection: 

A.  On  streets  where  parking  is  prohibited. — 

(a)  No  bus  stop:  Add  5  percent. 

(b)  Bus  stop  on  near  side:  Subtract  10 
percent. 

(c)  Bus  stop  on  far  side:  Subtract  3 
percent  in  downtown  areas  and  15 
percent  in  intermediate  areas. 

(d)  Where  the  number  of  busses  is  so 
great  that  at  least  one  is  always  loading 
or  unloading,  subtract  12  feet  from  each 
approach  width  for  either  near-  or  far- 
side  stops  when  applying  the  curves  in 
figure  24;  then  add  the  number  of  busses 
and  make  the  adjustments  for  items 
1,  2,  and  3,  above,  but  do  not  include  the 
busses  as  commercial  vehicles  in  item  2. 

B.  On  streets  with  bus  stops  and  where  park- 
ing is  permitted  except  at  the  bus  stop. — - 

(a)  With  bus  stop  on  near  side:  Add 
}i  percent  for  each  1  percent  of  right  and 
left  turns,  but  maximum  increase  not  to 
exceed  6  percent. 

(b)  With  bus  stop  on  far  side:  Make  no 
correction. 

(c)  Where  the  number  of  busses  is  so 
great  that  at  least  one  is  always  loading 
or  unloading:  Subtract  6  feet  from  the 
approach  width  for  either  near-  or  far-side 
stops  when  applying  the  curves  in  figure 
24;  then  add  the  number  of  busses  and 
make  the  adjustments  for  items  1,  2,  and 
3,  above,  but  do  not  include  the  busses  as 
commercial  vehicles. 

C.  On  streets  where  parking  is  permitted  and 
there  are  no  bus  stops.11 — Deduct  %  percent  for 
each  1  percent  that  right  and  left  turns  com- 
bined are  of  the  total  traffic,  but  maximum 
deduction  not  to  exceed  6  percent.  Then,  if 
parking  is  prohibited  more  than  20  feet  in 
advance  of  the  cross  walk,  add 

/D-20\ 
P I  — ^-p—  J  percent,  where 

P=  total    percentage    of    right    and    left 
turns,  but  not  to  exceed  30. 
D  =  distance  in  feet  that  parking  is  pro- 
hibited in  advance  of  cross  walk,  but  not 
to  exceed  5(?  plus  20. 

(7=seconds  of  green  indication  per  signal 
cycle. 


11  The  discussions  cone  jrning  the  needed  length  of  no-park- 
ing zones  in  advance  of  cross  walks,  the  capacity  of  added 
turning  lanes  (item  II),  the  effect  of  separate  signal  indica- 
tions (item  III),  and  the  procedure  for  determining  capaci- 
ties of  intersections  on  one-way  streets  (item  IV)  and  on  high- 
type  facilities  (item  V),  represent  a  rationalization  based  on 
such  facts  and  data  as  are  available  concerning  these  impor- 
tant subjects,  for  which  the  reported  material  is  insufficient 
for  statistical  analysis. 
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D.  On  streets  where  parking  is  eliminated  for 
a  limited  distance  on  both  sides  of  the  intersec- 
tion.— Where  parking  is  eliminated  in  advance 
of  the  intersection  for  a  distance  in  feet  equal 
to  or  greater  than  5G  and  (1)  parking  is  also 
eliminated  beyond  the  intersection  for  a  dis- 
tance equal  to  or  greater  than  5G,  or  (2)  the 
street  beyond  the  intersection  widens  at  least 
one  lane:  Use  the  upper  curve  (parking  pro- 
hibited) in  figure  24. 

II. — Two-way  streets  with  added  turning 
lanes  but  no  separate  signal  indication 
for  the  turning  movements  12 

1.  Use  the  width  of  the  through  lanes  as 
one-half  of  the  street  width  when  applying 
the  curves  in  figure  24. 

2.  Then  add  5  percent  for  an  added  right- 
turn  lane,  10  percent  for  an  added  left-turn 
lane,  or  15  percent  when  both  right-  and  left- 
turn  lanes  are  added  to  the  normal  width. 

3.  Then: 

(a)  For  a  right-turn  lane. — Add  the 
number  of  vehicles  turning  right  but  not 

to  exceed  either  600  X-^  vehicles  per  hour 
or  — gr —  X  TV  vehicles  per  hour,  where 

0  =  green  interval  in  seconds. 

C=  total  signal  cycle  in  seconds. 

D  =  length  of  added  turning  lane  in 

feet. 
N=  number  of  signal  cycles  per  hour. 

(b)  For  a  left-turn  lane. — Add  the 
number  of  vehicles  turning  left  but  not 
to  exceed  the  capacity  of  the  left-turn 
lane.  The  capacity  of  the  left-turn  lane 
per  hour  of  green  in  terms  of  passenger 
cars  may  be  estimated  as  the  difference 
between  1,200  vehicles  and  the  total 
opposing  traffic  volume  per  hour  of  green 
in  terms  of  passenger  cars,  but  not  less 
than  two  vehicles  per  signal  cycle. 

4.  Then  adjust  as  in  1-1  and  1-2. 

III. — Two-way  streets  with  turning  lanes 
and  separate  signal  indication  12 

Streets  with  turning  lanes  and  separate 
signal  indication  (also  applies  where  left-turn 
lanes  for  opposite  directions  of  travel  are 
within  the  normal  street  width  and  both 
straddle  the  centerline) ;  pedestrians  controlled: 

A.  With  right-turn  lane. — 

(1)  Use  the  width  of  the  through  lanes 
as  one-half  of  the  street  width  when 
applying  figure  24  and  increase  the  rate 
of  flow  by  5  percent. 

(2)  Then  add  the  number  of  vehicles 
turning  right,  but  not  more  than  800 
vehicles  per  10  feet  of  width  of  turning 
lane  per  hour  of  separate  green  indica- 
tion; adjust  for  possible  or  practical 
capacity  as  in  item  1-1  and  for  commercial 
vehicles  as  in  item  1-2. 

B.  With  left-turn  lane. — 

(1)  Use  the  width  of  the  through  lanes 
as  one-half  of  the  street  width  when 
applying  figure  24  and  increase  the  rate 
of  flow  by  10  percent. 


(2)  Then  add  the  number  of  vehicles 
turning  left,  but  not  more  than  800 
vehicles  per  10  feet  of  width  of  turning 
lane  per  hour  of  separate  green  indica- 
tion; adjust  for  possible  or  practical 
capacity  as  in  item  1-1  and  for  commercial 
vehicles  as  in  item  1-2. 
Note:  Where  conditions  are  such  that 
through  vehicles  also  use  turning  lanes, 
it  is  more  appropriate  to  apply  figure  24 
to  (1)  entire  approach  width  for  period  of 
left-turn  indication  and  (2)  width  of 
through  lanes  for  balance  of  through 
period.  Add  results  and  make  normal 
adjustments  except  that  for  left  turns  10 
percent  is  always  added. 

IV  . — One-way  streets  13 

Figure  26  shows  hourly  intersection  capaci- 
ties for  urban  one-way  streets  by  type  of  area 
and  parking  regulation  under  average  condi- 
tions. The  most  important  adjustments  for 
conditions  that  are  not  average  are: 

1.  Possible  and  practical  capacities: 
Same  as  for  item  I— 1. 

2.  Commercial  vehicles: 
Same  as  for  item  1-2. 

3.  Turning  movements: 

Subtract  Yz  percent  for  each  1  percent  by 
which  the  combined  traffic  turning  right  and 
left  exceeds  20  percent  of  the  total  traffic,  or 
add  }4  percent  for  each  1  percent  that  it  is 
below  20  percent  (maximum  deduction  for 
turns  not  to  exceed  20  percent). 

4.  Bus  stops  and  elimination  of  parking 
near  the  intersection: 

Same  as  for  item  1-4. 

5.  Added  turning  lanes: 

Use  the  normal  street  width  when  applying 
the  curves  in  figure  26.  Before  applying  items 
1  and  2  above: 

(a)  Add  5  percent  for  an  added  right- 
or  left-turn  lane  or  10  percent  if  both  a 
right-  and  left-turn  lane  have  been  added. 

(b)  For  a  right-  (or  left-)  turn  lane 
add  the  number  of  vehicles  turning  right 

(or  left)  but  not  to  exceed  either  600  X^, 

vehicles  per  hour  or  -^s —  X  N  vehicles 
per  hour. 

V. — High-type  facilities  13 

Where  conditions  exist  similar  to  those  pre- 
viously described  for  intersections  on  high-type 
facilities,  the  following  procedure  for  estimat- 
ing practical  or  design  capacities  should  be 
used: 

1.  Through  movement: 

Use  1,000  vehicles  per  hour  of  green  per 
10  feet  of  lane  width.  Deduct  1  percent  for 
each  1  percent  that  commercial  vehicles  are  of 
the  total  through  movement  during  the  peak 
hour. 

2.  Turning  movements  on  added  lanes: 
To  determine  the  total  capacity  of  an  inter- 
section approach,  add  the  number  of  vehicles 
turning  right  and  left  during  the  hour  to  the 
capacity  of  the  through  flow;  however,  each 
turning  volume  should  not  exceed  the  capacity 
of  a  turning  lane  as  determined  below.  Also, 
the  added  turning  lane  should  be  of  sufficient 


I2  See  footnote  11. 


13  See  footnote  11. 


length  to  accommodate  at  least  twice  the  aver 
age  number  of  turning  vehicles  that  would 
accumulate  during  the  red  interval. 

A.   Right  turns  on  same  signal  indication  with 
through  movement. — 

(1)  Where  there  is  no  adjacent  frontage 
road  and  no  pedestrian  interference,  use 
capacity  of  turning  lane  as  1,000  vehicles 
per  hour  of  green  per  10  feet  of  width. 
Deduct  1  percent  for  each  1  percent  that 
commercial  vehicles  are  of  the  right- 
turning  traffic  during  the  peak  hour. 

(2)  Where  right  turns  are  in  conflict 
with  frontage-road  traffic,  use  capacity 
of  right-turning  lane  as  the  difference 
between  1,200  vehicles  and  the  total  con- 
flicting traffic  volume  (expressed  in  terms 
of  passenger  vehicles)  on  the  adjacent 
frontage  road  per  hour  of  green;  adjust 
this  difference  by  deducting  1  percent  for 
each  1  percent  that  commercial  vehicles 
are  of  the  right-turning  traffic  during  the 
peak  hour.  The  volume  thus  deter- 
mined must  not  be  greater  than  that 
estimated  under  item  (1)  above,  but  not 
less  than  two  vehicles  per  signal  cycle. 

(3)  Where  right  turns  are  in  conflict 
with  pedestrian  movements  on  the  cross 
street,  reduce  flow  estimated  under  item 
(1)  above  as  follows: 

Downtown  area.-.   20  percent. 
Intermediate 

area 10  percent. 

Outlying  area no  reduction. 

(4)  Where  right  turns  are  in  conflict 
with  both  frontage-road  traffic  and  pedes- 
trians, use  the  lower  of  the  two  values 
estimated  under  items  (2)  and  (3)  above. 

B.  Left  turns  on  sa?ne  signal  indication  with 
through  movement. — Use  capacity  of  left-turn- 
ing lane  as  the  difference  between  1,200 
vehicles  and  the  volume  of  the  opposing 
through  traffic  movement  (expressed  in  terms 
of  passenger  vehicles)  per  hour  of  green; 
adjust  this  difference  by  deducting  1  percent 
for  each  1  percent  that  commercial  vehicles 
are  of  the  left-turning  traffic  during  the  peak 
hour;  minimum  capacity  not  less  than  two 
vehicles  per  signal  cycle. 

C.  Added  turning  lanes  on  separate  signal 
indication  (pedestrians  controlled) . — For  either 
right  or  left  turns,  use  capacity  of  1,000 
vehicles  per  hour  of  separate  green  indication 
per  10  feet  of  lane  width;  deduct  1  percent  for 
each  1  percent  that  commercial  vehicles  are 
of  the  particular  turning  traffic  during  the 
peak  hour. 

3.  Bus  stops  on  added  turning  lane: 

A.  Far-side  bus  slop. — No  apparent  effect 
on  capacity  of  the  intersection  approach. 

B.  Near-side  bus  stop  (no  separate  signal 
indication  for  right  turns). — Bus  stops  on  the 
right-turning  lane  tend  to  reduce  the  capacity 
of  the  through  movement  by  requiring  some 
right-turning  movements  to  be  made  around 
the  bus  directly  from  through  traffic  lanes. 
Capacity  in  such  case  may  be  adjusted  as 
follows: 

(1)  Where  the  number  of  busses  stop- 
ping during  the  peak  hour  is  so  great  as 
to  nullify  the  use  of  the  added  lane  for 
right  turns,  deduct  V/i  percent  from  the 
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1  percenl  that  the  right-turning  traffic  is 
of  the  total  traffic;  then  add  the  number 
of  busses  and  right-  and  left-turning 
vehicles  to  obtain  total  practical  capacity. 
(3)  Where  busses  stop  less  frequently 
than  one  about  every  fourth  or  fifth 
ffe'ct  of  busses  may  be  neg- 
lected. 

APPLICATION  OF  INTERSECTION 
CAPACITY  INFORMATION 

When  adjusting  the  volumes  shown  in 
figure  24  for  conditions  that  are  not  average, 
each  adjustment  must  be  made  as  a  separate 
step,\"using  the  result  of  the  previous  step 
for  each  consecutive  adjustment.  To  accom- 
plish this  simply,  when  a  number  of  adjust- 
ments are  necessary,  each  adjustment  can  be 
calculated  and  added  to  or  subracted  from 
1.00,  and  a  total  factor  then  obtained  from 
these  individual  factors  by  multiplying  them 
together.  The  examples  that  follow  illustrate 
correct  applications  of  the  data. 


Example  1 

Problem 

What  are  the  possible  and  practical  capac- 
ities of  one  approach  to  an  intersection  on  a 
two-way  street,  45  feet  wide  from  curb  to 
curb,  in  a  downtown  area  where  parking  is 
prohibited,  20  percent  of  the  traffic  turns 
right,  15  percent  turns  left,  5  percent  of  the 
total  traffic  is  commercial  during  peak  hours, 
there  are  bus  stops  on  the  near  side  of  the 
intersection,  and  the  traffic  light  has  a  go  or 
green  period  of  35  seconds  out  of  the  60-second 
cycle? 

Solution 

From  figure  21,  the  reported  capacity  of  one 
approach  on  the  average  street  45  feet  wide 
from  curb  to  curb  in  a  downtown  area  with 
parking  prohibited  is  1,660  vehicles  per  hour 
of  green. 

The  following  adjustments  are  required 
because  conditions  are  not  average: 

Cause  Fadoi 

Rightturns  (10-20).H  =  -  5%      0.95 

Leftturns        ...      (10-15)     =-.v        0.95 

mercial  vehicles (10—5)     =+59,      1.05 

Near-side  In  is  stop —  In' ,,      o.  90 

Total  ractor=0.95XC.95X1.05X0.90=  0.85 

Possible  capacity  =1.10X0.85x11  ■  1,660 

60       ' 

905  vehicles  per  hour  in  the  direction  of  the 

heavier  How. 

35 
Practical    capacity =0.90X0.85X^X  1,660 

7  1 1  vehicles  per  hour  in  the  direction  of  the 
ier  How. 


Example  2 

Problem 

What  is  the  practical  capacity  of  two  inter- 
rei  ts.il  »rl  h-south  street  is  40 

feet  wide  and  the  east-west  street  is  54  feet 
wide?  Parking  is  permitted  on  the  east-west 
street  and  banned  on  the  north-south  street. 
The  intersection  is  in  a  downtown  area  where 
average  conditions  prevail  and  the  signal  cycle 
is  27  seconds  green  and  3  seconds  amber  on 
each  leg,  with  a  total  of  60  seconds. 

Solution 

From  figure  24,  the  practical  capacity  of  the 

north-south  street  is  0.90x1,410=1,269 
vehicles  per  hour  of  green.      The  traffic  signal 

27 
reduces  this  volume  to   1,269X7^  =  571   vehi- 
cles per  hour  in  one  direction. 

From  figure  24,  the  practical  capacity  of 
the  east-west  street  is  0.90X1,110  =  999  vehi- 
cles per  hour  of  green.     This  is  reduced   by 

27 
the  traffic  signal  to  999 X 7=  =  450  vehicles  per 

hour  in  one  direction. 

Example  3 

Problem 

What  should  be  the  distribution  of  signal 
time  at  the  intersection  described  in  example 
2  if  the  peak  hourly  volume  in  one  direct  ion  on 
the  north-south  street  is  600  vehicles  per  hour 
and  that  on  the  east-west  street  is  400  vehicles 
per  hour? 

Solution 

The  minimum  time  in  minutes  per  hour  for 
each  operation,  assuming  a  60-second  cycle,  is 


as  follows: 

Green,  north-south  st  reel 


Minu    1 
600 
1,269 
400 
"999 
Amber:  6  seconds  per  cycle. .  ._=    6.0 


Green,  east -west  street 


X60  =  28.  4 
X60  =  24.  0 


Total . .  ...      58.  4 

The  green  period  for  the  north-south  street 
should  be: 
28  4 
T28  4  +  24~0)  X  (6°  ~  6-0)  =  29-3  seconds- 
The   green   period   for  the  east -west    street 
should  be: 
24.0 


(28.4  +  24.0) 


X  (60-6.0)  =24.7  seconds. 


Example  I 
Problem 

An  intersection  as  described  in  example  3  is 
severely  congested  by  volumes  exceeding  those 
used  in  that  example.  To  relieve  this  situation 
it  is  proposed. that  parking  be  banned  on  both 
streets,  and  that  the  north-south  street  be 
widened.  After  these  improvements,  traffic 
volumes  of  750  vehicles  per  hour  in  one  direc- 
tion on  the  east-west  street  and  900  vehicles 
per  hour  in  one  direction  on  the  north-south 
street  are  anticipated.  What  should  be  the 
width  of  the  north-south  street  and  the  signal 
timing  for  the  intersection,  using  an  80-second 
cycle  with  3  seconds  of  amber? 

Solution 

m       ,        ,       , .  ,  ,„,     ...  3,600 

1  otal  amber  time  per  hour  will  be  o  X  ~"o?r  = 

270  seconds=4.5  minutes. 

A  5  1-foot  street  with  no  parking  has  a  ca- 
pacity   of   2,000   vehicles   per   hour   of   green, 


INTERMEDIATE    AREA 

FIXED    TIME    SIGNAL 

2  PHASE    CONTROL 

CYCLE-70  SEC. 


E - W    STREET 
GREEN    INTERVAL  -  40  SECONDS 
COMMERCIAL     VEHICLES-12% 
TURNING    MOVEMENTS 

W  TO  N  —  II  %  OF  APPR.  VOL. 

E   TO  N  -24%  OF  APPR    VOL. 
NO    BUS    STOPS 


N    APPROACH 

GREEN    INTERVAL-  25    SECONDS 
COMMERCIAL   VEHICLES  -15% 
TURNING    MOVEMENTS 

N  TO  E  —65%    OF  APPR.    VOL. 
N  TOW  -35%    OF    APPR     VOL. 
NO    BUS    STOPS 


hiiiiire  2f. — Illustrative  example  5. 
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from  figure  24.     Thus  the  east-west  t  raffic  will 
750 


require 


0.9X2,000 


X  60  =  25.0  minutes.     There 


remain  30.5  minutes  or 


30.5 


-.    hours  of  green  on 

the  north-south  street,  permitting  a  practical 

capacity  of  gQ--X  900=  1,770  vehicles  per  hour 

of  green.     This  practical  capacity  corresponds 
to  a'reported  capacity  for  average  conditions 

1,770 
of    q  g   =  1,967  vehicles  per  hour  of  green.     A 

street    52    feet    wide    will    accommodate    this 
volume,  as  shown  in  figure  24. 
The  signal  timing  should  be: 

Seconds 
Green,  north-south  street 
30  5 
(30.5+25.0)  X  (80-6.0)  =40.7 
Green,  east-west  street 
25  0 
(30.5  +  25.0) X  (80-60)  =  33.3 
Amber __  2X3.0=    6.0 

Total 80.0 

Example  5 

Problem 

What  are  the  possible  and  practical  capaci- 
ties of  each  approach  of  the  T  intersection 
shown  in  figure  29?  If  the  peak-hour  traffic 
(on  the  basis  of  two-way  flow)  is  9  percent  of 
the  average  daily  traffic,  and  60  percent  of  the 
peak-hour  traffic  is  in  one  direction,  what  will 
be  the  average  daily  traffic  on  the  east- west 
street  in  the  block  west  of  this  intersection  if 
it  operates  at  possible  capacity? 

Solution 

West  Approach 
From  figure  24,  the  reported  capacity  of  one 
approach  on  the  average  58-foot  street  in  an 
intermediate  area  with  parking  is    1,380   ve- 
hicles per  hour  of  green. 

Adjustments: 

Cause  Effect              Factor 

Commercial  vehicles (10—12)  =—2%  0.98 

Right,  turns ._.  (10— 0)Ji=+5%  1.05 

Leftturns (10-11)=-!%  0.P9 

Parking  not  restricted  at  intersec- 
tion   _(0+ll)^  =  -3%  0.9,' 

(See  adjustment  I-4-C) 

Total  factor=0.98X1.05X0.99X0.97=  0.99 

Possible  capacity  =  1.10X0.99X^X1,380= 
860  vehicles  per  hour. 

Practical    capacity  =  0.90  X  0.99  X  ^  X 
1,380  =  700  vehicles  per  hour. 

East  Approach 
For  average  conditions,  reported  capacity  is 
1,380  vehicles  per  hour  of  green,   as  shown 
above. 

Adjustments: 

Cans,  Effect  Factor 

Comme/cial  vehicles. (10—12)     =—2%  0.98 

Right  turns (10— 24)H=-7%  0.93 

Leftturns (10-0)      =  -f-10<:o    1.10 

Parking  not  restricted  at  intersec- 
tion  -6%  o.94 

Total  factor=0.98X0.93Xl. 10X0.94=  0.94 

40 
Possible  capacity=1.10X0.94X~X  1,380  = 

810  vehicles  per  hour. 
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INTERMEDIATE     AREA 
FIXED    TIME    SIGNAL 

3  PHASE  CONTROL 
CYCLE  -90   SEC. 

—  PARKING    ELIMINATED 
IN    THIS  BLOCK   ON 
NORTH    SIDE    -        — *■ 


-PARKING    ELIMINATED 
IN   THIS  BLOCK  ON 
SOUTH    SIDF * 


PEDESTRIANS    CROSS  HERE 
DURING    PHASE  1 


PHASE    1 
GREEN -40  SEC. 


\      \     NO  PEDESTRIAN   MOVEMENT 
v    \  DURING    PHASE  2 


E-W   STREET 

COMMERCIAL   VEHICLES  -  12  % 
TURNING    MOVEMENTS 
W  TO  N-ll%  OF  APPR.   VOL 
E   TO  N-24%  OF  APPR.  VOL. 
NO   BUS   STOPS 


> 


PHASE    2 
GREEN  -  15  SEC. 


N-APPROACH 

COMMERCIAL   VEHICLES -15% 
TURNING    MOVEMENTS 

N  TO  E  -65  %  OF  APPR.  VOL. 

N  TO  W-35%   OF  APPR    VOL 
NO  BUS  STOPS 


I  I 
1 1 1  ■* 

—  --D  i  \ 

L_^> 

"PEDESTRIANS    CROSS  HERE 
DURING    PHASE    3 
PHASE    3 
GREEN  -26  SEC. 

Figure  30. — Illustrative  example  6. 

40  2^ 

Practical       capacity  =  0.90X0.94X  ==X  Possible  eapacity=1.10X0.99X^X  1,350  = 

1,380-=  665  vehicles  per  hour.  525  vehicles  per  hour. 

North   Approach  Practical       capaci  t  v  =  0.90X0.99X^X 

On  the  intercepted  street   <>f   a  T  intersec-  ,  „_.      .„„       ,  .  ,                                           /u 

..         ,,      ,                -  ,,  1,350  =  430   vehicles   per   hour, 

tion,  the  larger  of  the  two  turning  movements  ™,                       ,   .,           _. 

.,        ,             ,,        ,,           ,  Ihe  average  dauv  traffic  on   the  cast -west 

i-     considered    as     the     through     movemeni  ;  .                                      .    , 

,,       e                  .    ,.     ,    ,             -             __      ,.  street  in   the  block   west  of   tin-   intersection, 
therefore,    as    indicated    on    figure    29,    the 

.,         ,                     ,    .     a.                       .     ,  when  operating  al  possible  capacity,  is: 
through    movement    is    6o    percent    and    the 

turning  movemeni  is  35  percenl  of  the  total  r            /  40           \  "1      100 

flow  during  the  peak  hour.  |_86°+  (  60X860)  J  X1T  =  15'920    vehic,es 

From  figure  24,  the  reported  capacity  for  a  per  <l.-i\ . 
40-foot    street    under    average    conditions    is 

1,350  vehicles  per  hour  of  green.  Example  6 

Adjustments:  Problem 

Coasi                              Effect         Factor  W  hat  are  the  possible  and  practical  capaci- 

Commercial  vehicles...                ..  (io-l5)  =  -  5%     0.95  ties  of  each  approach  of  the  intersection  shown 

Right  turns  (maximum  deduction) —10%     0.90  •      c             ..«•>      ti  ■           ,i 

Left  turns  (none)...          ..  (10- 0)=+10%      HO  '"    figUrC   30?       n"S    'S    the   >a"""    interseCtl0n 

No  parking  and  no  bus  stops                       .  +  5%     l.os  as  in  figure  29  except   for  partial  elimination 

Totalfactor=o.95X0.90Xi.ioxi.05=                         0.99  of    parking    and    substitution    of    multiphase 
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signal  control  in 

ofthi  bl  vehicle- 

pedesl  rian  coi 

Solution 

West  Appro  ■■>  h 
Through    mov<  m  at,    phases    I    and   2.  -  Width 
available    for    through    movement    (parking 

eliminated  as  sho'  10  =19  feet    (see 

adjustment  III-B  1).  Capacity  for  average 
conditions,  from  figure  24,  for  a  street  twice 
this  width  and  with  no  parking  is  1,300 
vehicles  per  hour  of  green.  The  green  interval 
for  phases  1  and  2  =  40+3  (amber  for  opposing 
through  movement) +  15  =  58  seconds. 

Adjustments: 

Caulie                                  Effect  Factor 

unercial  vehicles                -—    (10-12)  =  -  2%  0.98 

Rightturns (10-0)5  =  +  5%  1.05 

Left  turn:                                        -     (10-  0)=+10%  1.10 

N isstop.       +  5%  1-05 

Total  factor=0.98X1.05X1.10X1.05=  I-l» 

58 
Possible  capacity  =  1.10Xl.l9Xg-0X  1,300  = 

1  100  vehicles  per  hour. 

58 
Practical    ca,»acity  =  0.90X  1.19X^X  1,300 

=  900  vehicle-  pel   hour. 

Left  turning  movement,  phase  ,.'.-— Left  turning 
is  11  percent  of  the  total  volume  on  the  west 

approach,  or  1,100X^=135  vehicles  per  hour 

when   the  approach   is  operating  at  possible 

capacity,  and  900Xgg=H0  vehicles  per  hour 

when  operating  at  practical  capacity. 

Capacity  of  this  10-foot  left-turn  lane  for 
15-second  separate  green  indication  and  with 
12  percent  commercial  vehicles  (factor  0.98): 

Possible    capacity=1.10X0.98X800XgQ= 

145   vehicles   per   hour    (see   adjustmenl 
III-B-2). 
Practical  capacity  =  0.90 X  0.98 X 800 X <=,= 

120  vehicle-  per  hour. 
Volumes  of  135  and   110,  above,  therefore' 
do  not  exceed  the  capacity  of  the  left -turning 
lane. 
Total  capacity  of  west  approach — 

Possible    capacity=  1,100+ 135=  1,235    ve- 
hicles per  hour. 
Practical     capacity  =  900  + 110=  1,010     ve- 
hicles per  hour. 

East  Approach 

Through  movement,  phase  l. — Same  as  for  wesl 

approach,  except-  for  length  of  green  interval, 

which  is  40  seconds: 

40 
Possible  capacity  =  1, 1 00 X  =5  =  760  vehicles 

per  hour. 

40 
Practical   capacity  =  900X^=620   vehicles 

per  hour. 
Right-turning  movement,  phased. — Right  turn- 
ing is  21   percent   of  the  total  volume  on  the 

24 
east    approach     760Xi=.  =  240    vehicles    per 

hour  when  the  approach  is  operating  at  pos- 

24 
sible  capacity,  and  620X^  =  200  vehicles  per 

hour  when  operating  at  practical  capacil  y 
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DOWNTOWN    AREA 
FIXED  TIME   SIGNAL 

3  PHASE    CONTROL 
CYCLE  90  SEC. 

BUS   STOP 


D 

PHASE   1 
APPROACH-A,  A.M.  PEAK 

VEHICLES     TURNING: 

LEFT  TO  C  —  0  %"| 

RIGHT  TO  D  —  4%  >  * 

RIGHT  TO  E-32  %J 
COM.VEH'S   INCL.  BUSSES  11% 
BUSSES  75  PER  HOUR 
GREEN   INTERVAL -34  SEC. 
■K  Totol  movements  during  phases  1  ond  2 

APPROACH-B.  P.M.  PEAK 

VEHICLES    TURNING-' 

RIGHT  -87. 

LEFT  — 0%    (No  left    turn  ) 
COM.VEH'S.   13% 
BUSSES   90  PER  HOUR 
GREEN    INTERVAL-34  SEC. 


D 

PHASE    2 
APPROACH-E,  P.M.  PEAK 
GREEN  (0)  " b"  —  1 8  SEC. 
AMBER  8  GREEN  LAG  'b'  TO  'o'=8  SEC. 
VEHICLES    TURNING: 
RIGHT  TO  B  —  2% 
RIGHT  TO  C  —18% 
LEFT    TO  A  —80% 

APPROACH-A,  A.M. PEAK 
GREEN=  18+8  =  26  SEC. 


ilfl 


Jk 


—  *i 


ff 


D  I 
PHASE  3 


APPROACH-C.  A.M.  PEAK 
VEHICLES    TURNING: 

RIGHT    4% 

LEFT  TO   B  -  5% 

LEFT    TO  E  -11% 
COM.  VEH'S.-6% 
STREET  CARS, BUT  NO  BUSSES 
GREEN   INTERVAL-24  SEC. 


APPROACH-D.  P.M.  PEAK 
VEHICLES    TURNING: 

RIGHT   TO  E    .NEGLIGIBLE 

RIGHT  TO  B-  6% 

LEFT   TO  A-0%  (  No  left  turn) 
COM.  VEH'S.-8% 
STREET  CARS,  BUT  NO  BUSSES 
GREEN  INTERVAL-24  SEC. 


Figure  .31. — Illustrative  example  7. 


Capacity  of  the  10-foot  right-turn  lane  for 
26-second  separate  green  indication  and  with 
12  percent  commercial  vehicles: 

Oft 

Possible     capacity  =  1.10X0. 98  X  800  X^  = 
250  vehicles  per  hour. 

OR 

Practical  capacity  =  0.90 X 0.98X800 X  =^  = 

210  vehicles  per  hour. 
Volumes  of  240  and  200,  above,  therefore  do 
not  exceed  the  capacity  of  the  right-turn  lane. 
Total  capacity  of  east  approach. — 

Possible    capacity  =  760 +  240  =1,000    vehi- 
cles per  hour. 
Practical  capacity  =  620 +  200  =  820  vehicles 
per  hour. 


North  Approach 

Left-turning  movement,  phase  3. — Capacity  of 

the  10-foot  lane  with  15  percent  trucks 

and  26-second  green  interval: 

26 
Possible    capacity  =  1.10X0.95X800  Xqq  = 


240  vehicles  per  hour. 
Practical  capacity  =  0.90  X  0.95  X  800  X 


21  i 
90 = 


200  vehicles  per  hour. 

I! i (lid-turning  movement,  phase  2. — Right  turn- 
ing is  35  percent  of  the  total  volume  on 

35 

the  north  approach,  or  240  X  ^=  130  vehi- 
cles per  hour  when  the  approach  is  operat- 
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35 

ing  at  possible  capacity,  or  200X^=110 

DO 

vehicles  per  hour  when  operating  at  prac- 
tical capacity. 
Capacity  of  this  10-foot  right-turn  lane  for 
15-second  separate  green  indication  and  with 
15  percent  commercial  vehicles: 

Possible     capacity  =  1. 10  X  0.95  X  800  X^  = 
140  vehicles  per  hour. 

Practical  capacity  =  0.90  X 0.95  X  800  X  ^  = 

115  vehicles  per  hour. 
Volumes  of  130  and  110,  above,  therefore 
do  not  exceed  the  capacity  of  the  right-turn 
lane. 
Total  capacity  of  north  approach. — 

Possible  capacity  =  240 +130  =  370  vehicles 

per  hour. 
Practical  capacity  =  200 +110  =  310  vehicles 

per  hour. 

Example  7 

Problem 

What  is  the  possible  capacity  of  each  ap- 
proach of  the  multiple  intersection  shown  in 
figure  31? 

Solution 

Approach  A 
Phase  1. — The  effective  width  of  approach  = 
33-12  =  21    feet    (12-foot    deduction    for    at 
least   one   bus   always   loading   or   unloading 
during  peak  hour;  see  adjustment  I-4-A-(d). 

Capacity  of  approach  for  average  condi- 
tions, from  figure  24,  for  a  street  2X21  =  42 
feet  wide  is  1,510  vehicles  per  hour  of  green. 

Total  green  interval  per  cycle  for  move- 
ments A  to  D  and  A  to  E  is  34  +  26  =  60 
seconds  (phase  1  plus  phase  2). 

During  phase  1 : 

A    to    D  =  gjX  4%  =  0.57X4%  =  2.3%    of 

total  approach  volume. 

A  to  E=~X 32%  =  0.57X32%  =18.2%  of 

total  approach  volume. 
Adjustments: 

Cause                                     Effect  Factor 

Commercial  vehicles  » (10-4)       =  +  6%    1.06 

Right  turns" (10-2.3)H=  +  4%    1.04 

Left  turns (10-0)       =  +10%    1.10 

Total  factor  =  1 .06X 1 .04  X 1 .  10  =  1.21 

Possible  capacity,  phase  1  =  (  1.10 XI -2 IX 

5jcX  1,510  j  + 75  busses  =  835  vehicles  per  hour. 

Phase  2. — During  phase  2: 
9fi 
A  to  D  =  jgx4%  =  0.43X4%=1.7%  of  to- 
tal approach  volume. 
A  to  £=|^X32%  =  0.43X32%=13.8%   of 

total  approach  volume. 
Total  capacity,   C,   of  approach  A  during 

»  Within  the  limits  of  accuracy  of  the  solution  it  may  be 
assumed  that  busses  (75  in  number)  comprise  about  7  percent 
of  the  total  approach  volume.  Since  commercial  vehicles, 
including  busses,  comprise  11  percent  of  the  approach  volume 
it  follows  that  4  percent  of  this  traffic  is  made  up  of  trucks,  for 
which  adjustment  must  be  made.  No  adjustment  is  made 
for  busses  as  commercial  vehicles  where  the  12-foot  deduction 
in  street  width  is  made:  see  adjustment  I-4-A-(d). 

i«  Movement  A  to  E  is  considered  as  part  of  the  through 
movement. 
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phase  1  and  phase  2  is  composed  of  the  follow- 
ing: 

835  vehicles  per  hour  =  total,  all  movement, 

phase  1. 
1.7%  C=Ato  D  movement,  phase  2. 
13.8%  C=^4  to  # movement,  phase  2. 
Then:  C=835  +  0.017C  +  0.138C.      Solving, 
C  =  990  vehicles  per  hour. 
During  phase  2: 

A  to  D  =  0.01 7X990=    17  vehicles  per  hour. 
A  to  g=0.138X990=  136  vehicles  per  hour. 

Total 153  vehicles  per  hour. 

The  total,  and  the  movement  from  A  to  E, 
are  less  than  the  capacity  of  a  turning  lane 
(see  adjustment  III-A-(2) 

Approach  E 
Because  the  street  is  actually  two-way,  with 
a  channelizing  island,  a  capacity  value  from 
figure   24  is  applicable,   rather  than   a  value 
from  figure  26,  which  is  for  one-way  streets. 

At  point  b  consider  left-turn  movement  to 
iasa  through  movement.  Capacity  of  ap- 
proach for  average  conditions  from  figure  24 
for  a  street  of  2X26  =  52  feet  is  1,930  vehicles 
per  hour  of  green. 
Adjustments: 

Cause  Effect  Factor 

Commercial  vehicles (10—10)     =      0%      1.00 

(Since  commercial  vehicles  were  not  reported,  use  average 
conditions) 

Rightturns (10-  2)K=+  4%      1.04 

Left  turns (10-0)     =+10%      1.10 

No  bus  stop +5%      1.05 

Total  factor =1.00X1. 04X1. 10X1.05=  1.  20 

18 
Possible  capacity=1.10X1.20X=jXl,930  = 

510  vehicles  per  hour. 


At  point  a  computations  reveal  a  hi; 
capacity.     Point  b  therefore  governs. 

Approach  B 
Phase  1. — The  effective  width  and  capacity  for 
average  conditions  are  the  same  as  for  ap- 
proach A. 

Adjustments: 

Cause  Fit,,  <            Factor 

Commercial  vehicles  >«._ (10—2)     =+8%      1.08 

Rightturns (10-8)^=+  1%      1.01 

Left  turns (10-0)     =+10%      1.10 

Total  factor =1.08X1.01X1.10=  1.  20 

Possible  capacity,   phase   1  =  (1.10X1.20X 
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oqX  1,510)  +90  busses  =  845  vehicles  per  hour. 

Phase  2. — From  approach  E  (above),  possible 

capacity  =  510-  (0.02X510)  =500     vehicles 

per  hour.17 
Phase  1  plus  phase  2. — The  possible    capacity 

of  approach   5=845+500=1,345   vehicles 

per  hour. 

Approach  C 
The  capacity  of  the  approach  under  aver- 
age conditions  for  a  street  width  of  56  feet 
with  streetcars,  from  figure  24,  is  1,100  vehicles 
per  hour  of  green. 

Adjustments: 

Cause  Effect  Factor 

Commercial  vehicles (10-6)  =+4%  1.04 

Rightturns (10-4)M      =+3%  1.03 

Left  turns. 10- (10+6)  =  -6%  0.94 

Total  factor=1.04X1.03X0.94=  1.01 


10  Busses  are  assumed  to  be  11  percent  of  the  total  traffic 
approaching  from  B.  Other  commercial  traffic  is  therefore 
2  percent  of  the  total:  see  footnote  14. 

17  The  deduction  made  is  for  right  turn  E  to  B. 


INTERMEDIATE     AREA 

FIXED    TIME    SIGNAL 

2   PHASE    CONTROL 

CYCLE-64SEC. 

GREEN    ON    A-B  STREET  =  30  SEC. 
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APPROACH   A  A.M. PEAK 
COMMERCIAL    VEHICLES: 

THROUGH   AND   RIGHT-67. 

LEFT  -  12% 
TURNING    MOVEMENTS: 

RIGHT    TURN  -47.  OF   APPR    VOL. 

LEFT    TURN  -14%  OF   APPR.  VOL. 
THROUGH    MOVEMENT    82% 
DISTRIBUTION    OF   TRAFFIC  BY 
DIRECTION,  A.M. -PEAK: 

THROUGH   TRAFFIC  ONLY,  A  TO  B=  65% 

THROUGH  TRAFFIC  ONLY,  B  TO  A  =  357., 
BUS    STOP    NEAR    SIDE 


IO--30— - 


B 


APPROACH   B    P.M.  PEAK 


COMMERCIAL   VEHICLES 
TURNING     MOVEMENTS: 

RIGHT    TURN  -12  7. 

LEFT   TURN         6  7. 
NO    BUS    STOP 


9% 


Figure  32. — Illustrative  example  8. 
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Possible  capacity      L.10  100= 

325  vehicles  per  hour. 

Approach  D 
As  for  approach  C,  the  capacity  for  average 
conditions  is  1,100  vehicles  per  hour  of  green. 

Adjustments: 

(  ,,„«  Effect  Factor 

Commercial  vehicles ...(10-8)     =  +2%  1.02 

Bightturns - —  (10-6)H=+2%  1.02 

Leftturns (10-0)     =+10%  1.10 

Total  factor=1.02X1.02X1.10=  1.15 

24 
Possible  capacity=  1.10X1.15X^X1,100= 

370  vehicles  per  hour. 

Example  8 

Problem 

What  are  the  practical  capacities  of  ap- 
proaches A  and  B  of  the  intersection  shown  in 
figure  32? 

Solution 

Approach  A 
Through  and  right-turn  movements. — The  re- 
ported capacity,  from  figure  24,  for  one 
approach  on  a  street  30X2  =  60  feet  wide  with 
parking  is  1,430  vehicles  per  hour  of  green 
(the  left-turn  lane  is  considered  separately 
below). 

Adjustments: 

Cause  Effect  Factor 

Commercial  vehicles (10-6)     =+4%      1.04 

Right  turns: (10-4)H=  +  3%      1.03 

Leftturns (10-0)     =+10%      1.10 

(Left  turns  on  added  turning  lane:  See  adjustment  II-2) 
Bus  stop (4+0)H=+  1%      1.01 

(See  adjustment  I-4-B-(a):  Left  turns  are  considered  as 
zero  in  this  computation  because  they  are  made  from  an 
added  turning  lane.) 

Total  factor  =  1.04X1.03Xl. 10X1.01=  1.19 

30 
Practical  capacity  =  0.90X  1.19X  —  X  1,430  = 

720  vehicles  per  hour. 

Left-turn   movement   only. — Left   turns  are    14 

percent    of    the    total    approach    volume,    or 

14  fU 

720X^  =  117  vehicles  per  hour;  or  117X^= 

250  vehicles  per  hour  of  green.  With  12 
percent  commercial  vehicles,  this  is  equal  to 
280  equivalent  passenger  cars  per  hour 
of  green. 

Check    for    capacity    of    left-turn    lane. — The 

opposing  through  movement,  B  to  A,  during 

the  morning  peak  is  35  percent  of  the  combined 

through  movement  in  both  directions: 

Through     movement    A     to     B=720X 

82 
j==— — =r  =  685  vehicles  per  hour. 

Through  movement  B  to  A  =685x£?  =  370 

65 

vehicles  per  hour,  or  370X^=790  vehicles 
per  hour  of  green. 

With  9  percent  commercial  vehicles,  this  is 
equal  to  860  equivalent  passenger  cars  per 
hour  of  green. 

The  capacity  of  the  left-turn  lane  (see  ad- 
justment II-3-(b)  is  1,200-860  =  340  vehicles 
per  hour  of  green.  The  left-turn  movement 
of  280  passenger  cars  per  hour  of  green,  or 
117  vehicles  per  hour,  can  therefore  be  ac- 
commodated. 
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DOWNTOWN    AREA 
FIXED    TIME    SIGNAL 

2   PHASE    CONTROL 

CYCLE-60SEC. 

GREEN   ON   A-B  STREET  =  36  SEC. 


-40' 


t.l 


APPROACH  A 

COMMERCIAL   VEHICLES  -  10% 

TURNING    MOVEMENTS: 

RIGHT  TURNS- 8%  OF  TOTAL  APPR.V0L. 

LEFT  TURNS-67.0F  TOTAL  APPR.VOL. 
NO    BUS    STOP 


Figure  3.'(. — Illustrative  example  9. 


Total     practical     /■opacity     of    approach     A. — 
720+117  =  837  vehicles  per  hour. 

Approach  B 

The  capacity  of  approach  B,  from  figure  24, 

is  the  same  as  that  for  approach  A,  or  1,430 
vehicles  per  hour  of  green. 
Adjustments: 

Causi                       Effect  Factor 

Commercial  vehicles— .    (10-9)=                    +1%  1. 01 

Kightturns (10-12)H=                 -1%  .99 

Leftturns.. (10-6)=                     +4%  1.04 

Parking  restriction (12+6)-H(12+6)=  +14%  1.14 

(See  adjustment  I-4-C) 

Total  factor  =  1.01X0.99X1.04X1.14=  1. 19 

Practical  capacity  =  0.90X  1.19X^X  1,430 
=  715  vehicles  per  hour. 


PARKING 


Figure  34. — Illustrative  example  10:  infor- 
mation as  in  figure  33,  except  for  park- 
ing on  right  side  only  with  120-foot 
restriction. 


Example  9 
Problem 

What   is  the  practical  capacity  of  the  one- 
way street  in  figure  33? 
Solution 

From  figure  26,  the  capacity  when  condi- 
tions are  average  is  1,620  vehicles  per  hour  of 
green. 

Adjustments: 

Cause  Effect  Factor 

Commercial  vehicles (10-10)     =0%         1.00 

Right  and  left  turns (20-14)H  =  +3%      1.03 

Parking  not  restricted  at  inter- 
section  -J4X14    =-4%      0.96 

(See  adjustment  I-i-C) 

Total  factor  =  1  00X1.03X0.96=.  0.99 

Practical  capacity  =  0.90X0.99Xg|x  1,620 
=  870  vehicles  per  hour. 

Example  10 
Problem 

What  is  the  practical  capacity  of  the  street 
described  in  example  9,  if  parking  is  eliminated 
on  the  left  and  restricted  120  feet  in  advance 
of  the  cross  walk  on  the  right,  as  shown  in 
figure  34? 
Solution 

From  figure  26,  the  capacity  when  condi- 
tions are  average  is  2,250  vehicles  per  hour  of 
green. 

Adjustments: 

Cause  Effect  Factor 

Eight  and  left  turns...       .     (20-14)^  =+3% 

120-20 s 


1.03 


120-foot  parking  restriction. 

(See  adjustment  I-4-C) 
Total  factor  =  1.03X1.04= 


(-HX141+ 


V.    5X36   ) 


5X36 

=+4%      1.04 
1.07 

Practical  capacity  =  0.90X  1.07x|^X 2,250 
=  1,300  vehicles  per  hour. 

Example  11 
Problem 

What  is  the  practical  capacity  of  each  inter- 
section approach  on  the  expressway  shown  in 
figure  35? 
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FRONTAGE     ROAD 

GREEN    INTERVAL-36  SEC. 

THROUGH   MOVEMENT-300  VEH.PER  HOUR 

COMMERCIAL   VEHICLES-15% 


FIXED  TIME   SIGNAL 
2    PHASE    CONTROL  —  CYCLE-75  SEC. 


APPROACH    A 


FRONTAGE    ROAD 


GREEN   INTERVAL- 40  SEC. 
COMMERCIAL   VEHICLES 

THROUGH    12% 
RIGHT   TURN    20% 
LEFT    TURN    8% 

TURNING    MOVEMENTS 

RIGHT-14%  OF   TOTAL    APPR.  VOL. 

LEFT— 6%  OF   TOTAL    APPR.  VOL. 
THROUGH  MOVEMENT -80  %  OF  TOTAL    APPR.  VOL. 
BUS    STOP-FAR   SIDE 


APPROACH    B 

GREEN   INTERVAL-40  SEC. 
COMMERCIAL  VEHICLES-9% 
TURNING    MOVEMENTS 

RIGHT -12%   OF  TOTAL    APPR.  VAL. 

LEFT —  4%  OF  TOTAL    APPR.  VAL. 
THROUGH  MOVEMENT-84%  CF  TOTAL    APPR.  VOL. 
BUS  STOP-NEAR   SIDE,  55  BUSSES  PER   HR. 


Figure  35. — Illustrative  example  11. 


Solution 

Approach  A 


1,000  xj^X  2  =  2,400 


Through      movement. 

passenger  cars  per  hour  of  green  (see  adjust- 
ment V).  With  12  percent  commercial 
vehicles,      2,400X0.88  =  2,110      vehicles     per 

40 

hour   of   green;   or   2,110X^=1,125  vehicles 

per  hour. 

14% 
Righl-turn  movement. —     2, 1 10 X  o?r=  ~ 3?°  ve~ 

hides  per  hour  of  green,  or  370— (0.20 X 
370) +2X0.20X370  =  445  equivalent  passen- 
ger cars  per  hour  of  green. 

The  capacity  of  the  right-turn  lane: 
Volume  on  frontage  road  =  300    vehicles    per 

75 
hour,  or  300  X  of  =  625    vehicles    per    hour    of 

green,  or  625+ (0.15X625)  =  720  equivalent 
passenger  cars  per  hour  of  green. 

Right-turn  capacity  =  1 ,200  -  720  =  480  pas- 
senger cars  per  hour  of  green,  which  is  greater 
than  the  volume  above. 

40 
Right-turn    movement  =  370X^  =  200    ve- 
hicles per  hour. 
Left-turn  movement—     2,110XgQy  =  160   ve- 

40 
hides  per  hour  of  green,  or  1 60X=^  =  85  ve- 
hicles per  hour. 

Capacity  of  left-turn   lane    (not  less  than 

two  vehicles  per  cycle)  =2X  '75  =96  ve- 
hicles per  hour. 
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(Note.— The  added  turning  lane  should  have  sufficient 
storage  capacity  to  accommodate  four  standing  vehicles  clear 
of  the  through  lanes.) 

Total  capacity  of  approach  A.—      1,125  +  200  + 
85=1,410  vehicles  per  hour. 

Approach  B 
Through  movement. — 
Adjustments: 


Cause 
Bus  stop 

(See  adjustment  V-3-B-2) 
Commercial  vehicles —(9X1) 

Total  factor=0.94X0.91  = 


Effect  Factor 

-(12XH)  =  -6%       0.94 


-9%       0.91 
0.855 


Practical     capacity,     less    busses  =  2,400  X 

40 

0.855 Xt==  1,095  vehicles  per  hour. 
75 

Total  practical  capacity  =  1,095  +  55  busses 
=  1,150  vehicles  per  hour. 

12% 
Night-turn  movement. —    1,150X0.^  =  165  ve- 
hicles per  hour. 
Left-turn  movement.- 
cles  per  hour. 


l,150XoTcr=55  vehi- 


Total  capacity  of  approach  B. 
55  =  1,270  vehicles  per  hour. 


1,150+165  + 


Example  12 
Problem 

An  urban  expressway  in  rolling  terrain  has 
two  12-foot  lanes  in  each  direction,  and  all 
cross  streets  are  separated  in  grade  except  at 
one  isolated  intersection.     At  this  intersect  ion, 


calculations  indicate  that  the  volume  of  traffic 
on  the  cross  street  can  be  accommodated  by  a 
two-phase  traffic  signal  if  30  percent  of  the 
elapsed  time  is  allowed  for  movement  on  the 
cross  street. 

The  problem  is  to  determine  the  minimum 
number  of  lanes  in  each  direction  on  the 
expressway,  at  the  intersection,  that  will 
enable  the  intersection  approaches  to  accom- 
modate a  volume  of  traffic  equal  to  the  capac- 
ity of  the  two  12-foot  lanes  where  flow  is 
uninterrupted.  Turning  movements  from  t  he 
expressway  in  either  direction  are:  Righl 
turns,  14  percent  of  approach  volume;  left 
turns,  5  percent  of  approach  volume  (see  fig. 
36). 

Solution 

A  65-second  signal  cycle  is  assumed.  (Any 
other  length  of  cycle,  within  reasonable  limits, 
would  be  equally  satisfactory  provided  that 
the  shortest  green  interval  is  at  least  20 
seconds.)  For  the  cross  street;  the  green  time 
will  be  30  percent  of  65,  or  19.5  seconds,  which 
may  be  rounded  to  20  seconds.  Allowing  5 
seconds  for  amber  periods,  there  remain  40 
seconds  of  each  cycle  for  go  time  on  the 
expressway. 

The  practical  capacitj  of  the  expressway 
under  free-flowing  conditions,  with  the  pre- 
vailing number  of  commercial  vehicles  and  in 
consideration  of  the  nature  of  the  terrain,  is 
calculated  as  1,100  mixed  vehicles  per  lane  per 
hour,  or  a  total  of  2,200  vehicles  in  each 
direction. 
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ISOLATED  INTERSECTION  AT 

GRADE  ON  EXPRESSWAY. 

FIXED  TIME  SIGNAL 

2  PHASE  CONTROL 

CYCLE -65  SEC. 

GREEN  INTERVAL  APPROACHES 

A   AND  B-40  SEC. 


APPROACH    A 

COMMERCIAL     VEHICLES-12% 
TURNING    MOVEMENTS 

RIGHT-14%    OF  APPR.  VOL. 

LEFT  -  57.   OF  APPR.  VOL. 


EXPRESSWAY    APPROACHING 

INTERSECTION 

LOCATED   THROUGH  ROLLING  TERRAIN; 

12%   COMMERCIAL  VEHICLES;    GRADE 

SEPARATIONS   AT  OTHER    INTERSECTIONS 


Figure  36. — Illustrative  example  12. 


The  capacity  per  12-foot  lane  at  the  inter- 
section is  1,200  vehicles  per  hour  of  green  less 
necessary  adjustments.  It  should  be  noted 
that  adjustments  for  turning  movements  are 
necessary  (}i  percent  for  right  turns  and  1 
percent  for  left  turns)  because  the  lanes  used 
by  turning  vehicles  are  also  used  by  through 
traffic. 

Adjustments: 

Cause  Effect  Factor 

Commercial  vehicles 12X1     =—12%    0  88 

Right  turns  ....  14XH  =-  7%"o.93 

Leftturns 5X1     =-  5%    0.95 

Total  factor=0.88X0.93X0.95=  0.78 

Intersection   capacity  per  lane  (average)  = 

40 

1, 200 X  0.78  Xg=  =  575  vehicles  per  hour. 

Number  of  lanes  required  in  each  direction  = 

2,200     „  .  . 
'  7r.  =3.8  lanes. 

Four  lanes,  therefore,  will  be  required  in 
each  direction  at  the  intersection  to  accom- 
modate a  volume  equal  to  the  uninterrupted 
capacity  flow  of  the  expressway.  It  will  be 
necessary  that  all  lanes  be  continued  through 
and  beyond  the  intersection  in  the  manner 
shown  in  figure  36  because  the  added  lanes 
would  be  used  by  through  traffic  as  well  as 
by  turning  traffic. 

The  length  of  each  added  lane  in  advance 
of  the  intersection,  in  feet,  (Dx  in  fig.  36) 
should  be  not  less  than  five  times  the  green 
interval,  in  seconds,  plus  a  gradual  taper 
(1\  in  fig.  36).  The  combined  length  Dt+  7\ 
should  be  sufficient  to  permit  vehicles  to 
decelerate  to  a  complete  stop  from  a  normal 
operating  speed  on  the  expressway  within 
this  length. 

The  length  of  each  added  lane  beyond  the 
intersection  (D2  in  fig.  36)  should  be  one  and 
one-half  times  the  distance  Dh  and  the  com- 
bined length  D2-\-  T2  should  be  sufficiently 
great  to  permit  vehicles  to  accelerate  from  a 
standstill  to  the  operating  speed  of  traffic  on 
the  expressway. 
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Part  VI.— Weaving  Sections;  Insignalized  Cross  Movements 


Introduction 

Weaving  sections  are  provided  for  one  pur- 
pose— to  permit  the  crossing  at  grade  of 
vehicle  pathways  with  the  least  possible  inter- 
ference between  vehicles.  Weaving  sections 
are  usually  selected  as  a  compromise  between 
the  conventional  intersection  at  grade,  where 
delays  are  often  excessive,  and  the  grade  sepa- 
ration, with  its  costly  structure  and  appur- 
tenances. Weaving  sections  are  often  pro- 
vided as  adjuncts  to  grade  separations.  The 
traffic  circle  is,  in  actuality,  a  series  of  weaving 
sections,  and  there  are  many  other  applica- 
tions of  the  principle  in  the  lay-out  of  con- 
trolled-access  highways.  Unless  considera- 
tion is  given  to  that  volume  of  traffic  which 
must  cross  the  path  of  other  vehicles  in 
reaching  its  destination,  the  capacity  of  these 
higher  type  facilities  may  very  easily  be 
overestimated. 

Two  Classes  of  Traffic 

The  vehicles  using  a  weaving  section  fall 
logically  into  two  classes:  (1)  Those  entering, 
passing  through,  and  leaving  the  section  with- 
out crossing  the  normal  path  of  other  vehicles, 
and  (2)  those  that  must  cross  the  paths  of 
other  vehicles  after  entering  the  section.  The 
latter  group  are  the  weaving  vehicles  that 
make  the  facility  necessary.  Consideration  of 
both  types  of  traffic  is  essential  in  a  study  of 
capacity,  but  an  understanding  of  the  ca- 
pacity of  a  weaving  section  is  simplified  if  the 
behavior  of  each  class  of  traffic  is  dealt  with 
separately.  On  a  well-designed  facility  op- 
erating below  capacity,  the  two  classes  will 
actually  separate  themselves  one  from  the 
other  almost  as  positively  as  they  do  in  theory. 


Figure  37  (above). — The  basic  weaving 
Figure  38  (below). — Dual  purpose  weaving  section: 


A  portion  of  a  traffic  circle,  showing  weaving  sections.  Rerouting  of  traffic  on  some  of 
the  approaches  to  this  circle  has  been  resorted  to  as  a  means  of  reducing  the  conflicting 
cross  movement  at  this  point. 

Behavior  of  Weaving  Vehicles  path  of  all  vehicles  entering  from  the  other 

approach — that  is,  if  all  traffic  is  weaving 
If  all  the  vehicles  entering  a  weaving  section  traffic— it  is  obvious  that  every  car  must  cross 
from  either  approach  are  destined  to  cross  the  the  crown  line  somewhere  between  its  extremi- 
ties (see  fig.  37).  At  no  instant  can  the  num- 
ber of  vehicles  in  the  act  of  crossing  this  crown 
line  exceed  the  number  than  can  crowd  into 
a  single  lane;  provided,  of  course,  that  the 
facility  is  operating  as  it  should  without 
vehicles  being  required  to  come  to  a  stop 
before  merging  with  the  stream  of  traffic  from 
the  other  approach.  Thus,  the  total  number 
of  vehicles  entering  the  weaving  section,  if 
all  are  weaving  vehicles,  cannot  exceed  the 
capacity  of  a  single  lane.  This,  simply  stated, 
is  one  of  the  rules  governing  the  capacity  of  a 
weaving  section.  There  are  certain  modifica- 
tions of  this  rule,  as  will  be  brought  out  later, 
but  for  the  sake  of  clarity  discussion  of  these 
modifications  is  momentarily  deferred. 

Speed  Limited  on  Short  Sections 

One  of  the  elements  affecting  the  capacity 
of  a  traffic  lane  is  the  speed  at  which  vehicles 
can  or  do  travel.  In  the  same  manner,  sp 
also  influences  the  capacity  of  a  weaving 
tion.  It  is  in  this  resped  thai  the  length  of 
the  section  plays  a  pari  in  its  capacity.  To 
understand  the  relation  between  speed  and 
length  of  section,  let  it  be  imagined  for  the 
moment  that  we  have  a  weaving  section  of 
very  short  length,  say  50  or  100  feet. 


section:  all  traffic  weaves. 

serves  weaving  and  nonweaving  traffic. 
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B  curing  sections  on  the  Pentagon  Network,  Arlington,  1  a. 


Fur!  her,  let  it  be  assumed  that  traffic  is 
composed  entirely  of  weaving  vehicles.  At 
very  low  traffic  volumes  there  will  be  little 
conflict  between  weaving  vehicles  even  on  this 
short  section  because  gaps  in  the  stream  of 
traffic  from  one  approach  will,  in  most  cases, 
coincide  with  the  entry  of  vehicles  from  the 
other  approach.  As  traffic  becomes  heavier, 
however,  the  probability  of  vehicles  entering 
the  section  from  the  two  approaches  simul- 
taneously increases  until  at  moderately  heavy 
volumes  many  drivers  will  be  required  to  stop 
and  wait  for  a  gap  in  the  other  stream  of 
traffic.  When  the  facility  is  taxed  to  its  ca- 
pacity, most  vehicles  will  be  required  to  come 
to  a  halt  and  the  weaving  section  fails  to  serve 
its  intended  purpose.  Operation  is  then  com- 
parable to  that  of  an  ordinary  oblique  inter- 
section, having  a  capacity  of  about  1,200  ve- 
hicles per  hour.  This  value  corresponds  to 
the  possible  capacity  of  a  single  traffic  lane  at 
Low  speeds. 

Under  more  favorable  conditions  a  weaving 
section  of  ample  length  may  have  a  possible 
capacity  that  includes  about  1,500  passenger 
cars  per  hour  performing  weaving  maneuvers 
at  an  average  operating  speed  of  about  40 
miles  per  hour.  The  needed  length  for  this 
speed  is  about  900  feet.  The  same  volume  of 
weaving  traffic  can  be  accommodated  at  a 
speed  of  30  miles  per  hour  by  a  section  450 
feet  long. 

Nonweaving  Traffic 

Only    in    run-    instances    will   all    traffic    be 

weaving  traffic  although,  as  stated  earlier,  it 

is  for  service  to  the  weaving  traffic  that  the 

weaving    section    owes    its    existence.      As    a 

idary    purpose.,    weaving    sections    must 
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accommodate  the  nonweaving  traffic  by  means 
of  added  lanes  adjoining  either  side  of  the 
weaving  lanes  (fig.  38).  Determining  the 
capacity  of  these  nonweaving  lanes  involves 
no  new  principle,  as  the  procedure  is  not 
different  from  that  for  any  traffic  lane  on  a 
multilane  facility.  If  any  weaving  section  is 
to  function  properly  and  efficiently,  it  is 
important  that  these  added  lanes  have  ade- 
quate capacity  to  serve  the  nonweaving 
vehicles.  If  nonweaving  vehicles  utilize  the 
weaving  lanes  cither  through  choice  or  through 
necessity,  they  interfere  with  the  vehicles 
that  must  weave  to  reach  their  destination, 
thus  reducing  the  total  number  of  weaving 
vehicles  that  can  be  accommodated.  Appro- 
priate use  of  signs  to  direct  drivers  to  the 
proper  side  of  the  approach  road  is  essential, 
therefore,  if  the  section  is  to  operate  efficiently 
during  peak  volume  periods.  Also,  the 
effective    length     of    a    weaving    section    is 

Table  20.— Observed 

volumes  on 

weaving  sections 


influenced  to  some  extent  by  the  distance 
ahead  of  the  weaving  section  that  drivers  on 
one  approach  road  can  see  traffic  on  the  other 
approach  road.  This  distance  may  be  used 
by  drivers  that  must  cross  the  paths  of  other 
vehicles  to  adjust  their  speeds  before  reaching 
the  weaving  section,  so  that  the  merging 
operation  will  be  performed  with  a  minimum 
of  conflict  between  vehicles. 

Typical  Examples 

Information  regarding  the  relations  between 
traffic  volume,  operating  speed,  and  geometric 
features  of  weaving  sections  has  been  obtained 
from  detailed  studies  conducted  by  the  Bureau 
of  Public  Roads  and  from  traffic  volume  data 
submitted  by  State  highway  departments  and 
Committee  members.  Table  20  shows  data 
pertinent  only  to  the  sections  of  considerable 
length  which  were  operating  at  or  near  capac- 
ity and  for  which  detailed  data  such  as  speeds 
are  available. 

Location  No.  1 — Pentagon  Network 

Weaving  section  No.  1  lies  between  two 
ramps  and  serves  a  part  of  the  traffic  to  and 
from  Arlington  Memorial  Bridge  at  Washing- 
ton, D.  C,  as  well  as  some  traffic  from  Lee 
Boulevard  destined  for  the  Pentagon  Building 
in  Arlington,  Va.  Trucks  are  not  allowed  on 
this  facility  and,  except  for  a  negligible  num- 
ber of  busses,  traffic  is  composed  entirely  of 
passenger  cars.  There  are  no  lane  lines  or 
longitudinal  joints  on  the  bituminous  surface, 
but  both  approaches  and  the  exit  to  the  left, 
which  serves  as  a  ramp  approaching  the  bridge, 
are  used  as  two  lanes.  The  weaving  section 
is  of  sufficient  width  to  accommodate  four 
lanes  of  traffic.  Figure  39  shows  the  number 
of  vehicles  in  each  lane  on  the  approach  road- 
ways that  entered  each  lane  on  the  exit  road- 
ways but  does  not  show  the  exact  points  at 
which  the  weaving  maneuvers  took  place. 

Vehicles  from  Lee  Boulevard,  or  those  ap- 
proaching the  weaving  section  from  the  right, 
traveled  at  an  average  speed  of  about  25  miles 
per  hour.  Speeds  on  the  ramp  from  Memorial 
Bridge  averaged  20  miles  per  hour  with  about 
.")  percent  of  the  vehicles  coming  to  a  complete 


Location 
number  ' 


Dimensions 


Length  L 


Feet 
1,  140 
1, 146 
921 
488 
550 
550 
550 
550 


Number  of  lanes  at — 


A  B         N 


Traffic  volume  in  vehicles  per  hour 


ii'i 


1,496 
772 

1,000 

1,698 
419 

1,351 
945 
509 


1,794 

1,712 
309 
276 

1,676 
384 
755 

1,672 


ir.+  in 


3.  29(1 
2,  AM 
1.309 
1,974 
2,  095 
1,  735 
1,690 
2,181 


Fx 


0 
0 
915 
450 
342 
450 
714 
638 


246 
240 
790 
348 
764 
582 
437 
425 


Total 


3,  536 

2,724 
3,014 

2,  772 

3,  201 
2,667 
2.841 
3,244 


Approxi- 
mate 
speeds 


.V.  p.  h 

25 
18 
40 
22 
28 
30 

25 


1  Locations  1-4  are  on  the  Pentagon  Network,  Arlington,  Va.;  locations  5  and  6  are  on  the  San  Francisco  Bay  Bridge  dis- 
tribution structure. 
!  Narrows  from  44  feet  to  27  feet  approximately  midway  of  length. 
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Figure  39. —  Weaving  section  on  roadivay  under  Memorial  Avenue  near  west  end  of  Memorial  Bridge,  Washington,  D.  C.  (morning  rush 

period,  7:45-8:45  a.  m.,  November  13,  1917). 

stop    before    entering    the    weaving    section.  Location  No.  2 — Pentagon  Network  performed  on  that  portion  of  the  section  north 

Near  the  exit  from  the  weaving  section,  ve-  of   Memorial  Avenue,   whereas  on  the  newer 

hides  in  the  left  lane  were  spaced  as  closely           Figure  40  shows  the  details  of  location  No.  facility,  weaving  is  accomplished  throughout 

together  as  possible  and  all  were  moving  at  2,  the  same  facility  as  location  No.  1,  but  as  the  length  of  the  weaving  section. 

practically  the  same  speed — 15  to  20  miles  per  it  appeared  in  1946  prior  to  improvement  to 

hour.     The  average  speed  in  the  right-hand  the  present  lay-out.     It  will  be  noted  that  the  Location  No-  3— Pentagon  Network 
lane  near  the  exit  was  about  25  miles  per  hour  improved  facility  (fig.  39)  accommodates  about  Pertinent  physical  features  and  the  maxi- 
with  20  percent  of  the  vehicles  traveling  30  to  700  vehicles  per  hour  more  than  the  number  mum    observed    traffic    volume    at    location 
35  miles  per  hour.  observed    on    its    predecessor.     This    over-all  No.  3  on  the  Pentagon  Network,  commonly 
It  was  apparent  during  the  period  of  peak  increase   consists   almost  entirely   of  weaving  referred  to  as  the  southbound  mixing  lanes, 
volume  that  the  desired  number  of  weaving  vehicles.     The     service     rendered     to     3,429  are  shown  in  figure  41.     At  this  location  the 
maneuvers  could  not  be  performed  in  a  safe  vehicles    is    comparable    to    that    previously  two  approach  routes  and  the  two  exit  routes 
and  efficient  manner,  as  evidenced  by  the  175  rendered  to  the  2,724  vehicles  per  hour  using  are  of  equal  importance  so  no  one  of  the  four 
vehicles     destined     to     the     right-hand     exit  the  former  facility.     Since  the  improvement,  traffic  movements  has  been  shown  any  prefer- 
that  were  forced  to  stay  in  the  left  lane  for  there  has  been  a  slight  increase  in  speed,  and  ence.    The  arrows  show  only  the  total  volume 
the  full  length  of  the  weaving  section  before  weaving   maneuvers   can    be   performed   with  entering  and  leaving  on  each  roadway, 
crossing  the  path  of  vehicles  taking  the  left-  somewhat  greater  ease.     The  present  facility  Studies  have  shown  that  the  average  speed 
hand  exit.     Also,  it  was  obviously  impossible  provides  slightly  better  service  because  only  is  37  miles  per  hour  on  the  two  approach  roads, 
for  all  vehicles  turning  left  to  Memorial  Bridge  175   vehicles,   as  compared  with  270  on  the  with  the  following  distribution  of  speeds: 
to  enter  the  left  lane,  which  accommodated  earlier  facility,  are  forced  to  travel  the  full  Percent 

1,583   vehicles  in  the   1    hour  and  frequently  length  of  the  section  in  the  left  lane  before  Below  30  m. p. h 14 

accommodated  vehiclesy it  a  rate  approaching  being   able   to   cross    to    the   exit   leading    to  30  to  39  m. p. h 53 

the  basic  capacity  of  2,  )00  vehicles  per  hour  road  A.     On  the  old  facility,  represented  by  40  to  49  m.p.h 30 

for  periods  of  several  minutes  duration.  figure  40,  nearly  all  weaving  maneuvers  were  50  in.  p.  h.  or  over 3 

Ul 
Q 
I  "^ 

28 


Figure  40. — Maximum  observed  hourly  traffic  volume  on  mixing   lane  section   on   roadivay  under   Memorial  Avenue  near  west  end  of 

Memorial  Bridge,  Washington,  D.  C. 


PUBLIC  ROADS  •  Vol.  25,  No.  11 


259 


TO  WASHINGTON  S 
8LV0 


LENGTH    921 
GRADE  +    3.0% 


FROM 
1        MEMORIAL  BRIDGE 

-790 


Figure  41. — Maximum  observed  hourly  traffic  volume  on  mixing  lanes  for  south-bound  traffic  at  junction  of  road  \  from  Memorial  Bridge 

and  road  Cfrom  V  S  1,  Arlington,  Va. 


LENGTH     488 
GRADE    +    0.5% 


TO  -4.5%  GRADE 
AND    23%    CURVE 
TO 
j     WASHINGTON   BLVD. 


7^fo>tON 

-6.0  '• 

Figure  42. — Maximum  observed  hourly  traffic  volume  on  mixing  lanes  for  north-bound  traffic  al  junction  of  road  K  from  Ridge  Road  and 

the  Shirley  Highway.  Arlington,  Va. 


Very  few  drivers  reduce  their  speeds  while  on 
or  approaching  the  weaving  section  during 
off-peak  periods.  During  the  peak  period 
represented  in  figure  41,  however,  there  was  a 
very  noticeable  difference  between  the  average 
speeds  on  the  approach  roads  and  the  speeds 
on  the  weaving  section.  Few  vehicles  involved 
in  the  weaving  maneuvers  traveled  at  speeds 


in  excess  of  30  miles  per  hour,  and  on  several 
occasions  during  the  hour  the  two  weaving 
lanes  became  filled  for  the  entire  length  of  the 
section  with  vehicles  at  a  standstill.  These 
periods  generally  lasted  for  less  than  a 
minute  and  the  condition  usually  developed 
when  a  queue  of  vehicles  from  each  of  the  two 
approach    roads    traveled    nearly    the    entire 


Entrance  turn  from  ramp  to  freeway.  Although  traffic  from  the  ramp  is  rather  light,  it 
is  sufficient  to  fill  the  available  spaces  in  the  first  lane  of  the  freeway.  The  lane  adja- 
cent to  the  median  is  almost  devoid  of  traffic.  This  characteristic  tendency  for  traffic 
to  distribute  itself  between  lanes  results  in  many  of  the  spaces  being  shielded  against 
occupancy  by  vehicles  from  the  ramp. 


length  of  the  section  at  approach  road  speeds 
without  performing  the  necessary  weaving 
maneuvers  before  coming  to  a  complete  stop 
immediately  ahead  of  the  apex  separating  the 
exit  roadways. 

During  the  hour  of  study,  the  total  flow 
was  3,014  vehicles,  including  309  passenger 
cars  from  one  approach  road  that  crossed  the 
paths  of  1,000  vehicles  (4  percent  dual-tired 
trucks  and  busses)  from  the  other  approach 
road.  Although  the  roadway  appeared  to 
have  reached  its  practical  capacity,  the  volume 
of  traffic  approaching  on  the  right  and  leaving 
on  the  right,  or  approaching  on  the  left  and 
leaving  on  the  left,  could  have  been  consider- 
ably greater  without  increasing  the  conges- 
tion had  these  vehicles  not  become  involved 
with  the  ones  that  were  weaving.  Also, 
lower  approach-road  speeds  would  have  per- 
mitted a  larger  number  of  vehicles  to  perform 
the  necessary  weaving  maneuvers  within  the 
same  length  of  weaving  section  without  in- 
creasing the  apparent  congestion.  This  sec- 
tion exceeds  the  minimum  length  required  for 
the  prevailing  volume  of  traffic,  but  the  added 
length  overcomes  in  part  the  deficiency  of 
inadequate  signs  and  the  absence  of  lane  lines. 

Location  No.  4 — Pentagon  Network 

The  traffic  movements  at  location  No.  4  on 
the  Pentagon  Network  are  shown  by  figure 
42.  In  this  case,  traffic  approaching  on  the 
Shirley  Highway  (road  D)  headed  toward 
Washington  (also  road  D)  has  been  shown  a 
definite  preference  by  the  arrangement  of  the 
longitudinal  joints,   which  act  as  lane  lines, 
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and  by  the  general  alinement.  Traffic  slowed 
to  about  20  miles  per  hour  for  short  periods 
during  the  hour  of  peak  volume.  A  slight 
increase  in  the  total  volume  of  weaving 
traffic  would  have  resulted  in  very  congested 
conditions. 

Weaving  Sections  Limited  in 
Practical  Application 

The  results  of  analysis  of  available  data  on 
traffic  volumes  and  speeds  on  weaving 
sections  are  shown  by  figure  43.  Basically, 
traffic  on  a  weaving  section  is  affected  by 
density  in  much  the  same  manner  as  on  a 
roadway  with  uninterrupted  flow.  Maximum 
volumes  occur  at  speeds  between  20  and  30 
miles  per  hour.  Higher  speeds  are  possible 
only  at  volumes  and  traffic  densities  lower 
than  those  found  when  the  facility  is  operating 
at  its  possible  capacity.  Whenever  traffic 
density  exceeds  the  critical  density,  speeds 
fall  below  20  miles  per  hour,  the  capacity 
is  lowered,  and  complete  congestion  or 
stagnation  may  occur  within  a  few  seconds. 


3300 


300O 


Weaving  section  for  north-bound  traffic  at  the  junction  of  Shirley  Highway  and  Washington 

Boulevard,  Arlington,  Va. 


The  curves  in  figure  43  show  that  there  is  a 
rapid  increase  in  the  length   of  the    section 
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LENGTH    OF  WEAVING    SECTION   (  L  )  -  HUNDREDS    OF   FEET 
Figure  43.— Operating  characteristics  of  weaving  sections. 


Figure  44. — A  compound  weaving  section. 


required  for  a  given  speed  with  an  increase  in 
the  number  of  weaving  vehicles.  Doubling 
the  traffic  volume  approximately  triples  the 
length  of  section  required  and  doubles  the 
number  of  lanes  required  for  the  weaving 
vehicles. 

Figure  44  shows  schematically  the  weaving 
maneuvers  that  must  take  place  when  the 
number  of  weaving  vehicles  is  double  the 
normal  capacity  of  a  traffic  lane.  All  vehicles 
are  shown  crossing  the  crown  line  either  in 
the  first  one-third  or  last  one-third  of  the 
section.  Each  vehicle  is  involved  in  two 
weaving  maneuvers  with  the  result  that  four 
times  as  many  weaving  maneuvers  must  be 
performed  as  with  half  the  volume.  Theo- 
retically, at  least,  this  illustrates  the  need  for 
tripling  the  length  for  twice  the  volume. 

In  practice,  however,  most  drivers,  knowing 
in  advance  that  they  must  cross  the  crown 
line,  attempt  to  gain  a  position  on  the  ap- 
proach road  Which  is  most  favorable  for  the 
early  performance  of  the  weaving  maneuver. 
As  a  result,  the  two  streams  of  vehicles  that 
must  weave  approach  each  other  with  no  gaps 
to  permit  an  interchange  of  positions.  Any 
weaving  section,  regardless  of  its  length  or 
number  of  lanes,  will  become  badly  congested 
when  the  number  of  weaving  vehicles  ap- 
proaches the  possible  capacity  of  two  traffic 
lanes.  Operating  conditions  will  seldom  be 
entirely  satisfactory  unless  the  traffic  on  the 
approach  roadways  is  well  below  the  practical 
capacities  of  these  approaches  and  the  weaving 
section  has  one  more  lane  than  would  nor- 
mally be  required  for  the  combined  traffic 
from  both  approaches.  For  this  reason, 
weaving  sections  are  considered  practical  only 
where  the  two  intersecting  one-way  roadways 
each  carries  less  than  the  normal  capacity  of 
two  lanes  of  a  one-way  roadway  and  the  total 
number  of  vehicles  required  to  weave  does 
not  exceed  1,500  per  hour.  In  computing 
capacities,  allowance  must  be  made  for 
trucks,  lanes  of  substandard  width,  etc.,  on 
the  same  basis  as  in  the  case  of  multilane 
roadways. 
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Part  VII.— Ramps  and  Their  Terminals 


INTRODUCTION 

The  efficiency  of  traffic  movement  on  free- 
ways or  expressways  and  the  extent  to  which 
their  potential  capacities  can  be  realized 
depends  directly  on  the  adequacy  of  the 
facilities  that  are  provided  for  entering  and 
leaving  these  highways.  Improperly  planned 
entrances  can  seriously  limit  the  traffic  vol- 
umes that  can  use  an  expressway,  and  exit 
facilities  incapable  of  accommodating  vehicles 
leaving  the  highway  at  one  point,  even  though 
the  number  be  relatively  few,  can  cause  com- 
plete congestion  of  all  traffic. 

While  the  subject  of  ramp  capacities  has 
been  considered  by  the  Committee  and  much 
factual  data  have  been  collected,  only  a  few- 
generalizations  can  be  drawn  at  the  present 
time  that  might  be  helpful  in  dealing  with 
problems  concerning  ramp  capacities.  No 
exact  rules  are  applicable  to  all  ramps  because 
their  capacities  are  so  closely  related  to  the 
particular  lay-out,  especially  at  the  terminals. 
The  primary  purpose  of  this  section,  there- 
fore, is  to  furnish  some  knowledge  of  traffic 
operations  on  ramps  that  can  be  utilized  by 
engineers  in  rationalizing  the  various  elements 
that  should  be  considered. 

The  capacity  of  a  ramp  is  affected  by  the 
character  of  traffic,  gradient,  width,  curva- 
ture, and  the  speed  at  which  vehicles  operate. 
The  sharp  curvature  on  most  ramps  usually 
limits  the  possible  capacity  to  that  attained 
on  a  tangent  section  at  speeds  below  20  miles 
per  hour.  At  the  higher  speeds,  drivers  find 
it  difficult  to  stay  within  their  lane  and  have 
a  tendency  to  maintain  a  somewhat  greater 
headway  than  is  normal  on  tangent  sections. 
This  happens  despite  the  fact  that  lanes 
wider  than  12  feet  are  often  provided  on 
ramps. 

Except  on  ramps  having  extremely  long 
radii,  and  on  direct  connections  having  a  low 
degree  of  curvature,  the  lane  capacity  of  the 
ramp  itself,  when  the  entrance  or  exit  does 
not  govern,  is  usually  of  the  order  of  1,200 
passenger  cars  per  hour.  Thus,  a  ram]) 
having  a  nominal  width  of  two  lanes  (usually 
28  or  30  feet)  should  accommodate  about 
2,400  passenger  cars  at  an  average  speed  of 
12  to  1.5  miles  per  hour.  Actual  examples  of 
ramp  movements  of  this  magnitude  are  rare, 
indeed,  because  few  of  the  terminals  are  so 
planned  that  traffic  entering  and  leaving  the 
ramp  can  do  so  with  the  necessary  freedom 
of  interference  from  traffic  on  the  major  high- 
ways or  streets. 

Even  on  some  of  the  most  modern  facilities, 
there  is  a  tendency  for  traffic  to  move  in  a 
single  line  at  one  or  two  points  on  the  ramp. 
The  point  of  constriction  is  usually  at  either 
the  entrance  or  the  exit  to  the  ramp.  Under 
such  conditions  the  possible  capacity  of  the 
ramp  will  be  about  1,200  vehicles  per  hour. 
This  probably  accounts  for  the  common  belief 
thai  the  capacity  of  any  ramp  will  not  exceed 
1,200  to  1,500  vehicles  per  hour  and  therefore 
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Ramps  may  be  of  different  forms,  but  I  be  two  general  classes  are  inner  lonps  and  ilirecl 

conned  inns. 


the  ramp  should  be  tapered  to  confine  vehicles 
on  the  ramp  to  one  lane  as  they  enter  an 
expressway.  However,  there  is  little  reason 
to  think  that  ramp  terminals  cannot  be  so 
planned  that  much  larger  volumes  of  traffic 
can  be  handled  with  ease.  Further,  there 
are  a  few  existing  facilities  where  much  higher 
volumes  have  been  observed.  One  such 
example  is  the  ramp  shown  as  the  left  exit  of 
the  weaving  section  illustrated  in  figure  39. 
Nearly  every  day  about  2,100  vehicles  per 
hour  during  the  morning  rush  hour  use  this 
ramp,  which  is  approximately  semicircular  in 
shape  and  has  a  radius  slightly  over  200  feet. 
The  vehicles  from  the  rami)  merge  with  about 
1 ,200  vehicles  per  hour  in  three  lanes  at  the 
ramp  terminal. 

Another  example  of  an  unusually  heavily 
traveled  ramp  is  the  Dearborn  Street  inter- 
change on  North  Lakeshore  Drive  in  Chicago. 
At  th"  on-bound  ramp  2,092  vehicles  in  1  hour 
have  been  observed  merging  with  .5,923  ve- 
hicles on  the  expressway.  The  ramp  is  a 
direct  connection  and  traffic  merges  in  six 
lanes.  The  off-bound  ramp  at  this  inter- 
change has  been  observed  to  discharge  2,482 


vehicles    in    1    hour.     This    is    also    a    direct 
connection. 

Where  direct  connections  having  sufficiently 
large  radii  of  curvature  and  superelevations 
to  permit  speeds  of  30  miles  per  hour  or  more 
during  heavy  traffic  volumes  are  employed, 
the  practical  capacities  of  the  lanes  on  the 
ramp  and  the  expressway  may  be  calculated 
as  for  any  traffic  lane  in  the  manner  outlined 
in  part  IV,  providing  traffic  using  the  ramp  is 
not  hampered  in  entering  and  leaving  the 
ramp  by  through  traffic  on  the  highways  which 
the  ramp  connects.  Generally,  however,  the 
capacity  of  a.  ramp  is  controlled  by  conditions 
at  or  near  the  terminals. 

CONDITIONS  AFFECTING   RAMP 
CAPACITY 

There  are  almost  an  unlimited  number  of 
different  conditions  and  combinations  of  con- 
ditions that  limit  the  number. of  vehicles  that 
can  use  a  given  ramp,  or  that  determine  the 
necessary  ramp  design  for  a  certain  number 
of  vehicles.  Only  a  few  of  the  more  important 
com  lit  ions  that  must  be  considered  are  covered 

December  1949  •   PUBLIC   ROADS 


in  the  following  discussion.  Any  one  of  these 
might  be  the  controlling  factor  for  a  pari  icular 
location. 

F  olumes  During  Peak  Periods 

For  no  portion  of  a  highway  is  it  more  im- 
portant to  know  the  volume  of  traffic  in  the 
various  movements  during  peak  periods  than 
when  trying  to  design  an  adequate  ramp  or 
when  estimating  the  capacity  of  an  existing 
ramp.  Annual  volumes  or  24-hour  volumes 
for  the  various  movements  are  of  little  value, 
because  the  peak  volumes  on  some  ramps  do 
not  coincide  with  the  peak  volumes  on  the 
highways.  Oftentimes  the  peak  volume  on 
one  ramp  will  occur  during  periods  when  the 
traffic  volumes  on  other  nearby  ramps  or  on 
the  highway  are  relatively  low.  For  this 
reason,  the  traffic  volume  that  can  be  accom- 
modated by  a  particular  ramp  will  vary  from 
time  to  time  depending  on  the  traffic  volumes 
using  the  facilities  that  it  connects. 

Weaving  Distance  Between  Ramps 

The  number  of  vehicles  that  can  leave  or 
enter  a  ramp  is  sometimes  controlled  by  the 
number  of  vehicles  leaving  or  entering  the 
same  highway  on  adjacent  ramps.  In  the 
case  of  the  two  inner  loops  of  a  cloverleaf 
design  which  are  used  by  traffic  traveling  in 
the  same  direction  on  a  main  highway,  traffic 
entering  the  main  highway  from  the  on-ramp 
must  weave  with  traffic  entering  the  off-ramp. 
For  this  condition,  the  capacity  of  the  section 
of  roadway  between  the  two  ramps  can  be 
calculated  in  the  same  manner  as  for  any 
weaving  section.  If  the  distance  between  the 
two  inner  loops  is  very  short,  the  combined 


capacity  of  the  two  ramps  would  be  restricted 
to  a  total  of  about  1,200  passenger  cars  per 
hour  at  a  speed  of  less  than  20  miles  per  hour. 

This  is  one  reason  that  designs  in  which  vehi- 
cles leave  an  expressway  facility  ahead  of  the 
point  where  vehicles  enter  the  facility  are 
preferred  to  the  cloverleaf  design,  especially 
when  the  movements  on  two  adjacent  inner 
loops  are  at  or  near  their  peaks  at  the  same 
time. 

Terminal  Conditions 

The  entrance  to  a  ramp  might  be  made  from 
a  facility  on  which  the  flow  of  traffic  is"  un- 
interrupted, or  it  might  be  from  a  highway  or 
city  street  with  cross  traffic  at  grade  and  be 
in  the  immediate  vicinity  of  an  intersection 
controlled  by  traffic  lights.  Likewise,  the 
exit  from  a  ramp  might  be  made  either  to  a 
facility  with  uninterrupted  flow  or  to  a  high- 
way or  street  with  cross  traffic  at  grade. 
Furthermore,  cither  or  both  of  the  roadways 
which  the  ramp  connects  might  have  accelera- 
tion and  deceleration  areas  or  added  lanes  for 
the  vehicles  using  the  ramp.  Also,  if  there 
are  no  acceleration  areas  or  added  lanes,  the 
general  lay-out  may  be  such  as  to  require 
traffic  to  stop  before  entering  the  highway  or 
street.  There  are  many  different  conditions 
that  can  exist  at  the  entrance  and  exit  of  a 
ramp,  any  one  of  which  might  control  the  num- 
ber of  vehicles  that  can  use  the  particular 
ramp. 

At-fjrade   intersections   in    vicinity   of  ramp 

Traffic  approaching  a  ramp  leading  to  an 
expressway  and  traffic  on  a  ramp  leading  from 
an  expressway  must  oftentimes  pass  through 
an    intersection    at    grade    in    the   immediate 


A  ramp  terminal  where  the  traffic  demand  exceeds  the  capacity  of  the  expressway, 
peak  periods  traffic  must  be  directed  by  a  police  officer. 


During 


vicinity  of  the  ramp.  The  volume  of  traffic 
that  can  be  accommodated  by  the  ramp  is  then 
dependent  on  the  capacity  of  the  nearby  inter- 
section. When  this  is  the  case,  the  informa- 
tion on  intersection  capacities  should  be  ap- 
plied when  estimating  the  maximum  volume 
of  traffic  that  can  enter  or  leave  the  ramp. 

Ktilrance  to  expressway  from  ramp 

It  is  a  common  practice  to  assume  that  as 
many  vehicles  can  enter  an  expressway  from 
a  ramp  as  the  difference  between  the  capacity 
of  the  expressway  beyond  the  ramp  and  the 
traffic  volume  on  the  expressway  ahead  of 
the  ramp.  For  example,  if  a  four-lane 
divided  expressway  had  a  practical  capacity 
of  3,000  vehicles  per  hour  in  the  one  direction 
and  there  were  1,800  vehicles  per  hour  on  the 
expressway  just  ahead  of  the  on-ramp,  it 
would  normally  be  assumed  that  1,200  vehicles 
per  hour  could  enter  the  expressway  from  the 
ramp.  With  no  acceleration  area,  this  would 
be  true  only  if  the  1,800  vehicles  already  on 
the  expressway  could  and  would  crowd  into 
the  one  traffic  lane  before  reaching  the  on- 
ramp.  It  would  also  be  true  if  there  were  an 
acceleration  area  of  the  same  length  as  the 
distance  necessary  for  3,000  vehicles  traveling 
in  three  lanes  to  crowd  into  two  lanes  without 
a  marked  reduction  in  speed. 

Obviously,  vehicles  from  a  ramp  can  enter 
an  expressway  only  in  the  available  spaces 
between  vehicles  operating  in  the  first  lane 
of  the  expressway.  The  higher  the  traffic 
volume  on  the  expressway,  the  less  opportunity 
there  will  be  for  vehicles  to  enter  the  express- 
way when  other  conditions  are  comparable. 

The  length  of  the  space  between  vehicles 
on  the  expressway  that  will  be  utilized  by  a 
driver  entering  from  a  ramp  will  vary  for 
different  drivers  and  with  the  frequency  of 
such  spaces  and  the  speed  of  traffic.  If  a 
driver  has  to  wait  a  long  time  for  the  occur- 
rence of  a  space  which  he  normally  considers 
entirely  adequate,  he  is  apt  to  take  advantage 
of  a  somewhat  shorter  space  that  occurs  more 
frequently. 

The  results  of  a  study  made  to  determine 
the  spacing  between  vehicles  in  the  first  lane 
of  an  expressway  that  drivers  utilize  in  enter- 
ing from  a  ramp  on  the  right  are  shown  by 
figure  45.  These  results  represent  only  one 
particular  set  of  conditions,  i.  e.,  a  continuous 
back-log  of  vehicles  on  a  ramp  20  feet  wide 
with  a  stop  sign  strictly  enforced  and  no 
acceleration  area  for  traffic  before  entering 
the  through  lanes  of  the  expressway.  To 
eliminate  or  at  least  reduce  the  effect  of  one 
of  the  variables — the  speed  of  traffic  on  the 
expressway — the  spacing  between  vehicles  on 
the  expressway  has  been  expressed  as  the  time 
interval  between  vehicles  as  they  approached 
the  location  of  the  ramp. 

The  upper  part  of  figure  45  shows  that 
some  drivers,  although  very  few,  entered  the 
expressway  from  the  ramp  when  the  time 
spacing  (center  to  center)  between  passenger 
cars  in  the  first  lane  of  the  expressway  was 
as  low  as  1  second.  Other  drivers  would  not 
enter  unless  the  time  spacing  was  as  high  as 
17  seconds.  In  other  words,  with  a  double 
line  of  vehicles  on  the  ramp  waiting  to  enter 
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the  expressway,  none  of  the  spaces  shorter 
than  I  second  between  vehicles  in  the  first 
lane  of  the  expressway  were  utilized  by  ve- 
hicles from  the  ramp.  Likewise,  20  percent 
of  the  3-second  spaces,  54  percent  of  the  5- 
second  spaces,  and  all  of  the  spaces  17  seconds 
or  longer  were  utilized  by  vehicles  in  entering 
the  expressway  from  the  ramp.  When  the 
space  occurred  ahead  of  a  truck  on  the  express- 
way, an  entrance  from  the  ramp  was  never 
made  unless  the  time  space  was  at  least  2 
seconds,  and  at  least  one  vehicle  always  en- 
tered when  the  time  space  was  15  seconds. 
The  '  of  figure  45  shows  the  aver- 
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age  number  of  vehicles  that  entered  the 
various  spaces  in  the  first  lane  of  the  express- 
way. Although  only  54  percent  of  the  5- 
second  spaces  were  utilized,  an  average  of  2.8 
vehicles  entered  each  of  the  utilized  spaces 
making  an  average  of  1.5  vehicles  that  entered 
the  expressway  for  each  available  5-second 
space.  The  detailed  data  show  that  vehicles 
which  utilized  spaces  less  than  4  seconds  long 
came  almost  entirely  from  the  right-hand 
lane  of  the  ramp,  whereas  approximately  half 
of  the  vehicles  that  entered  any  space  longer 
than  4  seconds  came  from  the  left  lane  of  the 
ramp. 


Lane  usage 

Information  of  the  type  shown  by  figure  45 
in  combination  with  lane  usage  on  an  express- 
way and  the  frequency  of  occurrence  of 
various  time  spaces  between  vehicles  at 
different  hourly  volumes  may  be  used  to 
determine  the  maximum  number  of  vehicles 
that  can  enter  an  expressway  from  a  ramp 
when  there  is  no  acceleration  area.  With  un- 
interrupted flow,  the  frequency  of  occurrence 
of  various  time  spaces  between  vehicles  in  a 
lane  is  very  consistent  for  a  given  traffic 
volume  regardless  of  the  other  prevailing 
conditions,  and  can  be  predicted  with  a  high 
degree  of  accuracy  from  the  results  of  com- 
prehensive studies  (see  figs.  9  and  10  in  part 
iv).  Lane  usage,  or  the  percentage  of  vehicles 
in  each  lane,  will  vary,  however,  for  different 
total  traffic  volumes  and  for  a  large  number 
of  physical  and  geometric  conditions  that 
might  prevail  in  the  vicinity  of  a  ramp. 

On  a  modern  four-lane  express  highway  at 
tangent  locations  that  are  not  in  the  vicinity 
of  an  intersection,  traffic  will  generally  be 
distributed  between  the  two  lanes  for  the  one 
direction  of  travel  approximately  as  shown  by 
figure  46.  As  the  traffic  approaches  an  inter- 
change or  a  ramp,  the  distribution  between 
lanes  will  change  and  the  extent  of  the  change 
will  depend  on  the  particular  lay-out  at  the 
interchange,  the  amount  of  traffic  that  enters 
and  leaves  the  expressway  at  the  interchange 
or  ramp,  and  the  effectiveness  of  the  direc- 
tional signs  and  pavement  markings. 

Figure  47  shows  the  distribution  of  traffic 
between  the  lanes  on  an  expressway  at  the 
approach  to  a  ramp  on  the  right  with  a 
continuous  back-log  of  vehicles  trying  to  enter 
the  expressway.  In  the  one  case,  as  shown 
by  the  solid  line,  traffic  from  the  ramp  was 
required  to  stop  before  entering  the  express- 
way whereas,  in  the  other  case,  as  shown  by 
the  broken  line,  an  acceleration  lane  was 
available  and  entering  traffic  did  not  neces- 
sarily stop. 

For  both  conditions  shown  in  figure  47, 
most  of  the  traffic  on  the  expressway  used 
the  second  or  left-hand  lane  during  low  traffic 
volumes  to  avoid  interference  with  traffic 
entering  from  the  ramps.  As  the  traffic 
volume  on  the  expressway  increased,  however, 
the  distribution  between  lanes  became  more 
nearly  equal,  there  being  a  somewhat  greater 
tendency  for  the  drivers  to  avoid  the  right- 
hand  lane  when  entering  traffic  was  not 
required  to  stop  than  when  it  was  required  to 
stop.  With  an  acceleration  area  available, 
therefore,  it  is  not  only  easier  to  perform  the 
merging  operation  than  when  there  is  a  stop 
sign  on  the  ramp  and  no  acceleration  area,  but 
there  are  more  spaces  between  vehicles  in  the 
first  lane  of  the  expressway  that  can  be 
utilized  by  traffic  entering  from  the  ramp. 

The  most  important  point  illustrated  by 
figure  47,  however,  is  that  the  effect  which 
the  ramp  has  on  the  distribution  of  traffic 
between  lanes  during  low  traffic  volumes  on 
the  expressway  is  not  apparent  when  the 
volume  exceeds  1,000  vehicles  per  lane. 
Drivers  will  not  crowd  one  lane  to  leave 
another  lane  comparatively  free  of  traffic  so 
that  other  drivers  from  a  ramp  can  enter  more 
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Figure  46. — Distribution  of  vehicles  between  traffic  lanes  on  a  four-lane  highway  during 

various  hourly  traffic  volumes. 


easily.  This  is  one  reason  that  it  is  not 
proper  to  assume  that  as  many  vehicles  can 
enter  an  expressway  from  a  ramp  as  the  dif- 
ference between  the  capacity  of  the  express- 
way beyond  the  ramp  and  the  traffic  volume 
on  the  expressway  ahead  of  the  ramp. 

The  possible  capacity  of  a  particular  ramp 
in  relation  to  the  volume  of  traffic  on  an  ex- 
pressway is  shown  by  figure  48.  The  design 
at  this  location  provided  a  stop  sign  to  control 
traffic  from  the  ramp.  Recently,  however, 
police-officer  control  has  been  necessary  during 
peak  periods  to  handle  the  increased  traffic 
volumes  without  long  delays  to  traffic  on  the 
ramp.  Stopping  through  traffic  on  a  facility 
designed  for  freeway  or  expressway  operation 
is  extremely  undesirable  but,  as  in  this  case, 
such  a  procedure  will  eventually  have  to  be 
resorted  to  on  many  of  the  freeway  facilities 
now  being  designed  unless  careful  considera- 
tion is  given  to  capacity  aspects  of  the  designs 
employed  in  the  vicinity  of  ramps.  In  at 
least  one  case,  it  has  been  necessary  to  pro- 
hibit the  use  of  a  ramp  during  peak  periods 
to  prevent  traffic  on  the  entire  expressway 
from  coming  to  a  standstill. 

The  conditions  illustrated  by  figure  48 
represent  an  expressway  with  a  maximum 
possible  capacity  of  3,050  vehicles  per  hour  in 
the  one  direction  and  a  ramp  with  a  maximum 
possible  capacity  of  2,480  vehicles  per  hour. 
Neither  of  these  capacities  could  be  realized, 
however,  except  when  the  traffic  volume  on 
one  of  the  two  was  zero.  The  greatest  differ- 
ence in  total  capacity  between  police-officer 
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and  stop-sign  control  occurred  when  the 
volume  approaching  on  the  expressway  was 
about  1,500  vehicles  per  hour.  Under  this 
condition,    officer   control   increased   the  total 


flow  of  vehicles  from  2,130  per  hour  to  2,900 
per  hour,  or  36  percent.  Even  with  this 
increase,  however,  the  traffic  that  could  enter 
from  the  ramp  was  limited  to  1,400  vehicles 
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per  hour,  or  only  90  percent  of  the  volume 
needed  to  fill  the  expressway  to  its  capacity. 

Exit  from  expressway  to  ramp 

In  addition  to  the  actual  geometric  features 
near  the  point  where  traffic  leaves  an  express- 
way to  enter  a  ramp,  the  maximum  volume 
of  traffic  that  can  enter  a  ramp  without 
causing  unsatisfactory  operating  conditions  on 
Hm'  expressway  is  influenced  (1)  by  the  total 
volume  of  traffic  on  the  expressway,  (2)  by 
the  percentage  of  this  total  volume  that 
desires  to  use  the  ramp,  and  (3)  by  the  per- 
centage of  commercial  vehicles.  Regardless 
of    tl  leral    lay-out,    within    reasonable 

limits,    1/2(10  to    1,500   vehicles  per  hour  can 
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enter  a  ramp  in  one  line  if  all  of  these  vehicles 
and  no  other  vehicles  are  in  the  lane  adjacent 
to  the  ramp.  Likewise,  two  lines  of  traffic 
or  2,400  per  hour  can  enter  a  ramp  if  all  of 
these  vehicles  are  in  the  two  lanes  of  the 
expressway  adjacent  to  the  ramp'  and  the 
drivers  in  the  second  line  can  be  .sure  that 
all  vehicles  in  the  first  line  are  headed  for  the 
ramp. 

A  perfect  segregation  of  the  traffic  bound 
for  a  ramp  seldom  occurs  ahead  of  the  ramp, 
especially  when  an  expressway  is  loaded  to 
capacity  or  near  capacity  volumes.  Some 
through  vehicles,  especially  those  driven  by 
the  slow,  cautious  drivers  or  the  drivers  look- 
ing for  destination  signs,  and  the  commercial 


vehicles,  will  be  in  the  right-hand  lane  of  the 
expressway.  If  a  ramp  is  on  the  right,  these 
vehicles  occupy  spaces  in  the  lane  that  could 
otherwise  be  used  by  vehicles  entering  the 
ramp.  They  also  cross  the  paths  of  vehicles 
entering  the  ramp  from  the  second  lane,  there- 
by creating  a  hazardous  condition  whenever 
the  traffic  volume  entering  the  ramp  exceeds 
1,200  to  1,500  vehicles  per  hour,  which 
require  the  use  of  two  Janes. 

The  tendency  of  some  drivers  of  through 
vehicles  to  stay  in  the  right-hand  lane  where 
other  traffic  leaves  the  expressway  by  a  ramp 
on  the  right  is  illustrated  by  figure  49.  The 
distribution  by  lanes  at  the  low  traffic  vol- 
umes differs  greatly  from  the  distribution 
found  on  sections  where  there  are  no  ramps 
(fig.  46) .  It  also  differs  from  the  distribution 
at  the  approach  to  a  ramp  used  by  traffic 
entering  an  expressway  (fig.  47).  At  the  near- 
capacity  volumes,  however,  the.  difference  for 
the  various  conditions  is  much  less  marked, 
there  being  a  tendency  in  all  cases  for  traffic 
to  be  fairly  evenly  divided  between  the  lanes. 

CONCLUSIONS 

Although  the  data  presented  in  the  fore- 
going discussion  show  ramp  capacities  for 
only  a  few  specific  conditions,  application  of 
the  information  relative  to  lane  usage  on 
expressways  is  of  assistance  in  rationalizing 
the  problems  concerning  ramp  capacities 
under  a  wide  variety  of  conditions. 

The  following  conclusions  briefly  summarize 
the  more  important  facts  concerning  ramp 
capacities: 

1.  The  capacity  of  a  ramp  may  be  limited 
I  iy  either  the  width  and  alinement  of  the  ramp, 
or  by  traffic  and  physical  conditions  at  either 
terminal. 

2.  With  the  curvatures  and  traffic  condi- 
tions that,  are  generally  present  at  ramp  loca- 
tions, it  is  usually  difficult  to  obtain  better 
than  the  equivalent  of  single-lane  operation  on 
the  ramp.  With  such  operation,  the  ramp 
capacity  normally  will  not  exceed  1,200  pas- 
senger ears  per  hour  with  a  possible  maximum 
of  1,500  passenger  cars  per  hour  when  vehicles 
can  keep  moving  at  a  speed  of  15  to  20  miles 
per  hour  (minimum  radius  about  100  feet). 
Serious  consideration  should  be  given  to  the 
provision  of  additional  ramps  when  the  traffic 
demand  exceeds  1,200  vehicles  per  hour  on 
any  one  ramp,  unless  conditions  required  for 
safe  two-lane  operation  can  be  satisfied. 
Conditions  that  must  be  present  to  enable  a 
ramp  to  accommodate  1,200  vehicles  per 
hour  are: 

(a)  Adequate  ramp  width  for  off-track- 
ing and  turning  requirements  of  com- 
mercial vehicles  (note:  The  1,200  figure 
is  for  passenger  cars  and  must  be  lowered 
to  compensate  the  effect  of  commercial 
vehicles  that  aie  present.  As  a  minimum, 
each  commercial  vehicle  with  dual  tires 
has  the  effect  of  two  passenger  cars). 

(b)  Adequate  surface  or  shoulder  width 
for  disabled  vehicles,  especially  on  up 
ramps. 

(c)  Adequate  speed  change  areas,  or 
excess  capacity  of  the  roadways  connected 
by  the  ramp. 
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3.  It  is  possible  for  a  ramp  and  its  terminals 
to  handle  traffic  volumes  exceeding  1,200 
vehicles  per  hour  under  certain  conditions. 
The  following  are  some  of  the  conditions  that 
must  be  satisfied: 

(a)  Adequate  surface  width  and  radius 
of  curvature  (at  least  a  28-foot  surface 
and  a  minimum  radius  of  about  200  feet  I. 

(b)  At  least  one  through  lane  on  each 
highway  entirely  free  of  traffic  other  than 
that  using  the  ramp,  and  a  second  lane  on 
each  highway  sufficiently  free  of  through 
traffic  to  accommodate  the  ramp  volume 
which  is  in  excess  of  1,200  vehicles  per 
hour  (generally  the  exit  and  entrance  to 
the  ramp  must  have  design  characteristics 
similar  to  those  at  a  Y  intersection  of  two 
highways). 

4.  In  considering  the  availability  of  spaces 
in  the  through  traffic  lanes  into  which  vehicles 
from  the  ramp  may  enter,  the  following  factors 
are    important: 

(a)  At  traffic  volumes  below  1,000 
vehicles  per  lane  per  hour  on  a  multilane 
highway,  there  is  a  marked  tendency  for 
traffic  approaching  an  entering  ramp  to 
shift  away  from  the  lane  adjoining  the 
terminal  of  the  ramp,  thereby  avoiding 
interference  with  vehicles  from  the  ramp 
and  providing  a  better  opportunity  for 
vehicles  to  enter  the  highway.  When  the 
volume  in  one  direction  on  the  highway 
exceeds  1,000  vehicles  per  hour  per  lane, 
however,  this  tendency  to  shift  away  from 
the  lane  adjoining  the  ramp  does  not 
occur,  and  traffic  maintains  approxi- 
mately the  same  distribution  between  the 
lanes  at  the  ramp  terminal  as  on  sections 
where  there  are  no  ramps.  This  is  partic- 
ularly true  at  locations  where  there  are 
stop  signs  for  vehicles  entering  from  the 
ramp.  Where  there  are  acceleration 
areas  without  stop-sign  control  for  vehi- 
cles from  the  ramp,  a  somewhat  higher 
percentage  of  the  through  traffic  will  use 
the  lane  farthest  from  the  ramp  than 
normally  uses  this  lane  at  locations  re- 
moved from  the  influence  of  ramps. 

(b)  Because  of  the  tendency  of  traffic 
to  distribute  itself  in  all  lanes  of  a  multi- 
lane highway  during  heavy  traffic  vol- 
umes, thus  avoiding  a  more  crowded 
condition  in  one  lane  than  in  another 
lane,  many  of  the  openings  between  ve- 
hicles in  the  lane  or  lanes  that  are  not 
adjacent  to  the  ramp  terminal  are  shielded 
against  occupancy  by  vehicles  entering 
from  the  ramp.  As  a  practical  matter,  it 
is  impossible  to  fill  all  the  available 
openings  between  cars  on  an  expressway 
unless  there  are  suitable  acceleration 
areas  where  merging  can  be  performed. 
Hence  the  volume  of  traffic  that  can  enter 
from  a  ramp  will  seldom  equal  the 
amount  by  which  the  capacity  of  the 
expressway  exceeds  the  volume  of  traffic 
on  the  expressway  ahead  of  the  ramp. 

5.  Where  points  of  access  and  egress  to  and 
from  the  expressway  are  closely  spaced,  the 
resulting  interchange  of  traffic  between  lanes 
may  cause  certain  lengths  of  the  expressway 
to  fall  within  the  category  of  weaving  sections 
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HOURLY    TRAFFIC     VOLUME    ON    EXPRESSWAY- HUNDREDS    OF   VEHICLES 

Figure  4'K — Distribution  of  vehicles  between  traffic  lanes  on  a  four-lane  expressway  at. 
approach  to  ramp  where  heavy  volume  leaves  the  expressivity  to  the  right  (hourly 
traffic  volume  on  expressway  includes  traffic  leaving  expressway  at  the  ramp). 


and  in  that   way   affect  the   capacity   of  the 
expressway  and  the  ramps. 

6.  In  selecting  the  hour  of  peak  traffic  move- 
ment, a  knowledge  of  the  distribution  of 
traffic  between  the  ram])  and  the  expressway 
is  of  utmost  importance.  An  hourly  pattern 
for  traffic  using  a  rani])  is  of  little  worth  with- 
out a  similar  pattern  for  the  expressway  or 
other  through  street. 

7.  For  exit  ramps,  the  number  of  vehicles 
that  can  enter  the  ramp  is  affected  by  the 
volume  of  through  traffic  using  the  right  lane. 
Many  slow-moving  passenger  cars  and  most 
commercial    vehicles    use    this    lane,    thereby 


occupying  spaces  in  the  traffic  stream  that 
otherwise  might  be  utilized  by  vehicles  desiring 
to  leave  the  expressway.  For  most  installa- 
tions, the  volume  of  traffic  using  an  exit  ramp 
cannot  exceed  1,200  passenger  cars  less  the 
number  of  through  vehicles  occupying  the  lane 
adjacent  to  the  rani]).  Proper  use  of  signs 
will  aid  greatly  in  minimizing  the  number  of 
vehicles  that  must  be  deducted  from  the  ramp 
capacity  for  this  reason. 

If  an  exit  ramp  is  to  accommodate  more 
than  1,200  passenger  cars  an  hour,  the  con- 
ditions enumerated  under  item  3  above  musf 
be  sat  isfied. 


Exit  turn  from  an  expressway  at  a  grade  separation.  Two  lines  of  traffic  can  enter  a  ramp 
if  they  are  in  the  two  lanes  of  the  expressivity  adjacent  to  the  ramp,  and  if  the  drivers 
in  the  se<-ond  line  can  be  sure  that  all  vehicles  in  the  first  line  are  destined  for  the  ramp. 
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Part  VIII. — 1 


ig  Hourly  Capacities  to  Annual  Average  Volumes 
and  Peak  Flows 


Introduction 

Throughout  the  foregoing  discussion  of  high- 
way capacities,  traffic  volumes  have  been  ex- 
pressed in  terms  of  vehicles  per  hour.  This  time 
period  was  selected  by  the  Commit  ice  because 
periods  of  congestion  or  heavy  traffic  move- 
ment usually  arc  of  relatively  short  duration, 
occupying  only  a  small  portion  of  the  day. 
An  hour  is  the  shortest  period  of  time  that 
conforms  to  current  traffic  counting  practices 
although  it  is  realized  that,  under  certain 
conditions,  counts  for  even  shorter  periods 
might  be  desirable. 

\\  ben  trying  to  apply  the  hourly  capacities 
to  the  solution  of  practical  problems,  the 
engineer  often  finds  that  complete  and  de- 
tailed hourly  volume  data  are  not  available  for 
the  facility  under  consideration.  Sometimes 
the  only  traffic  information  at  hand  is  the 
animal  average  24-hour  volume,  based  either 
on  a  few  counts  scheduled  throughout  the 
year  or  estimated  from  counts  made  at  nearby 
locations.  In  other  instances,  the  only  traffic 
volume  information  available  may  be  a  count 
for  a  single  day,  counts  for  a  few  scattered  days 
during  the  year,  or,  as  oftentimes  occurs, 
counts  for  periods  shorter  than  24  hours. 
Although  the  cost  of  obtaining  comprehensive 
traffic  data  is  relatively  inexpensive,  in  com- 
parison with  the  cost  of  any  extensive  im- 
provement, it  is  oftentimes  necessary  to 
make  use  of  very  meager  data  in  the  solution 
of  problems  involving  highway  capacity.  In 
such  cases,  a  method  for  adjusting  the  avail- 
able counts  to  obtain  the  needed  hourly 
capacities  becomes  a  matter  of  paramount 
importance,  and  a  clear  understanding  of  the 
variations  which  may  be  expected  in  the 
traffic  load  is  necessary. 

Without  this  knowledge,  the  application  of 
traffic-count  data  to  the  planning  and  design 
of  new  facilities  or  to  the  proper  operation  of 
existing  facilities  cannot  be  completely  suc- 
cessful. It  is  the  purpose  of  this  chapter  to 
supply  information  regarding  these  questions, 
which  are  so  directly  related  to  highway 
capacity  and  necessary  for  the  proper  use  of 
the  capacity  data. 

Relation  of  Annual  Average  Volume 
to  Capacity 

The  most  common  measure  used  in  report- 
ing the  traffic  on  a  highway  is  the  annual 
average  daily  traffic  volume.  Although  such 
a  figure  is  of  value  for  many  purposes,  such  as 
determining  the  type  of  surface  that  should  be 
provided  and  in  computing  the  total  earnings 
derived  from  gasoline  taxes  by  travel  on  the 
highway,  it  is  not  a  direct  measure  of  the 
number  of  needed  traffic  lanes  or  of  other 
geometric  features  of  the  highway  necessary 
to  serve  adequately  the  drivers  using  the 
highway. 


Proper  use  of  signs  jtlnys  an  important  part  in  preventing  or  allei  iating  congestion. 


Days  during  which  the  actual  volume  cor- 
responds to  the  average  day  of  the  year  occur 
much  less  frequently  than  is  commonly  sup- 
posed. A  study  of  48  selected  rural  highway 
locations  in  45  States  shows  that  the  traffic 
volume  representing  the  annual  average  daily 
volume  is  exceeded  during  160  days  of  the 
365  days  in  a  year  at  the  average  location. 
At  some  locations,  the  average  daily  volume 
was  exceeded  on  as  few  as  70  days  a  year  and 
at  other  locations  it  was  exceeded  on  as  many 
as  228  days  during  a  year. 

It  is  therefore  evident  that  facilities  planned 
to  accommodate  only  the  traffic  of  an  average 
day  will  be  definitely  overtaxed  for  a  con- 
siderable portion  of  the  year.  In  fact,  at  the 
average  rural  location  the  volume  on  certain 
days  will  be  more  than  double  the  annual 
average.  The  practice  of  expressing  capacities 
of  various  facilities  in  terms  of  average  daily 
traffic  without  considering  the  variation  in 
traffic  flow  and  the  relation  between  the 
average  daily  volumes  and  the  peak  hourly 
volumes  has  contributed  in  a  large  measure 
to  the  misunderstanding  and  lack  of  agree- 
ment regarding  highway  capacities. 

Selection  of  Required  Hourly  Capaci- 
ties From  Continuous  Counts 

Closely  related  to  the  fluctuation  in  traffic 
flow  during  the  various  hours  of  the  day,  days 
of  the  week,  and  seasons  of  the  year,  is  the 
selection  of  the  specific  hourly  volume  that 
should  be  used  for  design  purposes  or  as  the 
reasonable  volume  which  an  existing  street  or 
highway  facility  should  be  expected  to  accom- 
modate. It  is  for  these  purposes  that  the 
time  period  of  1  hour  assumes  primary 
importance. 

If  a  roadway  facility  is  to  be  so  designed  that 
traffic  will  be  properly  served,  consideration 
must    be    given    to   the    brief   but   frequently 


repeated  rush-hour  periods.  It  is  neither 
wise  nor  economical,  however,  to  provide  for 
the  extreme  hourly  volumes  of  traffic  that  may 
occur  but  a  few  times  during  a  year.  The 
law  of  diminishing  returns  must  be  applied 
to  fix  the  highest  hourly  volume  which  will 
justify  the  necessary  expenditure  of  funds  to 
provide  the  added  capacity. 

When  hourly  traffic  counts  for  a  full  year 
are  available  for  a  highway  under  considera- 
tion, it  is  possible  to  show  the  yearly  traffic 
pattern  by  arranging  the  hourly  volumes  in 
descending  order  of  their  magnitude.  Such  a 
table  or  graph  greatly  simplifies  the  problem  of 
selecting  the  minimum  hourly  capacity  which 
will  adequately  serve  present  traffic  for  the 
particular  highway,  or  a  future  traffic  demand 
as  based  on  an  assumed  or  estimated  percent- 
age increase. 

An  example  of  how  yearly  traffic  patterns 
can  be  used  to  select  the  minimum  hourly 
capacity  which  will  adequately  serve  the 
traffic  presently  using  the  highway  is  presented 
in  table  21.  This  table  shows  the  yearly 
traffic  patterns  for  two  rural  highway  sections 
in  the  same  State,  both  having  an  annual 
average  volume  of  3,000  vehicles  per  day. 
Data  for  Sunday  and  holiday  traffic  are 
included  in  the  table  because  there  is  no 
sound  basis  for  any  assumption  that  there  is 
less  need  to  provide  adequate  capacity  for 
peak  hours  on  Sundays  and  holidays  than  on 
weekdays. 

Although  both  roads  have  the  same  annual 
traffic  volume,  the  peak  hourly  traffic  volumes 
on  road  B  are  much  higher  than  those  on  road 
A  because  of  the  greater  seasonal  and  weekly 
fluctuation  ip  traffic  flow.  On  road  A,  1  per- 
cent of  the  vehicles  use  the  road  when  the 
hourly  traffic  volume  is  500  vehicles  or  more. 
On  road  B,  however,  more  than  20  percent  of 
the  vehicles,  or  about  200,000  per  year,  are 
traveling   when  the  hourly  traffic   volume    is 
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Table  21. —  Yearly  traffic  patterns  for  two  rural  highway  sections  on  each  of  which  the  aver- 
age annual  daily  traffic  is  :},()<)<)  vehicles 


1  him  I\ 
n  ,  1 1 1,  • 
volume 

Percentage 
ili.it  hourly 
volume  is 
of  average 
24-hour  vol- 
ume 

Road  A 

Road  B 

Number  of 
hours  during 
year  when 
hourly  vol- 
ume was 
exceeded 

Percentage 
of  total  ve- 
hicles using 
road  when 
hourly  vol- 
ume was 
exceeded 

Number  ol 
hours  dining 
year  when 
hourly  vol- 
ume was 
exceeded 

Percentage 
of  total  ve- 
hicles using 
road  when 
hourly  vol- 
ume was 
exceeded 

:■;,  i 

1.300 

1,200 

1.100 

1,  001) 

900 

800 

700 

600 

500 

400 

300 

200 

100 

0 

100.0 
43.3 

III    0 

36.  7 
33.  3 
30.0 
26.6 
23.3 
20.0 
16.  7 
13.3 
10.0 
6.7 
3.3 
0 

0 

0 

II 

0 
0 
0 

II 

1 

5 

20 

111 

360 

1,  366 

5.270 

8,760 

0 
0 

0 
0 
0 

I) 

0 

0.06 

.30 

1.01 

4.60 

12.  29 

34.04 

84.21 

100.  00 

0 
0 
6 
15 
■2'.) 
62 



153 

.'or, 

298 

430 

727 

1,388 

3.510 

8,  760 

0 

0 

0.69 

1.64 

2.99 

5.88 

8.50 

12.  43 

15.63 

20.24 

25.67 

35.15 

all   II.-, 

78.  43 
100.00 

500  vehicles  or  more;  and  over  8  percent,  or 
about  80,000  per  year,  are  traveling  when  the 
hourly  traffic  volume  is  800  or  more  vehicles. 


Thus,  if  the  practical  capacity  of  road  A  is 
only  450  vehicles  per  hour  it  will  be  no  more 
congested  than   will   road   B  if  the  practical 


Table  22. —  Variations  in  traffic  flow  on  main  rural  highways  averaged  for  tlie  various  census 

regions  (preivar  dalti) 


Census  region. 

Loca- 
tions 
studied 

24-hour  volumes 

Percentage  of  average  24-hour  volume  in 
certain  hourly  volumes  during  year 

Aver- 
age for 
year 

Percentage  of 
average  in — 

Maxi- 
mum 
hour 

Tenth 

highest 

hour 

Twen- 
tieth 

highest 
hour 

Thir- 
tieth 
highest 
hour 

Fiftieth 

highest 
hour 

Maxi- 
mum 

24 
hours 

Tenth 

highest 

24 
hours 

New  England 

17 
10 

11 
12 
22 
20 
12 
14 
36 
i  13 

Vehicles 
3,657 
13, 884 

4,349 
2,  595 
2,864 
2,017 
2,420 
:.  ins 
1.940 
2,975 

Percent 
316.9 
241.4 

207.2 
161.8 
263.  7 
250.  6 
187.2 
177.  6 
216.1 
220.5 

Percent 
214.9 
190.2 

166.4 
135.  1 
200.0 
178.5 
151.9 
140  8 
165.  9 
167.  4 

I',  rci  nt 
34.5 
21.9 

20.1 
18.3 
29.0 
29.4 
23.7 
17.7 
23.7 
24.1 

Percent 
25.  6 
17.2 

16.  6 
14.3 
19.6 
18.9 
17.6 
13.9 
16.0 
16.  7 

Percent 
23. 1 
16.0 

15.5 
13.3 
17.8 
16.  7 
16.3 
12.9 
14.6 
15.0 

Percent 
21.7 

15.2 

14.8 
12.7 
16.6 
15.7 
15.6 
12.3 
13.9 
14.2 

/'.  rci  il 
19.6 
14.2 

13.8 
11.9 
15.3 
14.4 
14.3 
11.5 
12.8 
13.1 

Middle  Atlantic. 

South  Atlantic: 

East  North  Central 

West  North  Central 

East  South  Central 

West  South  Central 

Mountain 

Pacific 

Total 

167 

3,370 

22s  !l 

172.6 

24.9 

17.8 

16.2 

15.3 

14.1 

1  I  tees  not  include  four  stations  in  California  where  traffic  is  highlv  seasonal  and  not  representative  of  most  roads  in  the 
State. 


capacity  of  the  latter  road  is  1,000  vehicles 
per  hour.  In  both  cases  the  practical  capacity 
would  be  exceeded  during  about  30  hours  of 
the  year  and  about  3  percent  of  the  total 
traffic  using  each  road  during  the  year  would 
be  inconvenienced  bj  congestion  during  the 
30  hours. 

The  yearly  traffic  patterns  also  show  that 
relatively  few  drivers  would  be  benefited  by 
roadways  of  higher  practical  capacities  than 
these,  and  an  increasingly  large  percentage  of 
drivers  would  be  inconvenienced  by  roadways 
with  only  slightly  lower  practical  capacities. 

Ordinarily  the  foregoing  procedure  can  be 
followed  in  the  selection  of  a  practical  hourly 
capacitj  for  an  estimated  future  increase  in 
traffic  by  merely  changing  the  hourly  traffic 
volumes  shown  in  the  first  column  of  table  21 
by  the  same  percentage  as  the  estimated  in- 
crease in  the  annual  volume.  Hourly  volumes 
increase  in  about  the  same  ratio  as  do  average 
daily  volumes  on  any  roadway. 

Determining    Required    Hourly    Ca- 
pacity  from  Annual  Volume 

The  preceding  discussion  and  table  21  illus- 
trate the  wide  difference  that  might  exist  in 
the  peak  hourly  traffic  flow's  on  two  highways 
having  the  same  annual  traffic  volumes,  and 
the  resulting  difference  in  hourly  capacities  of 
two  highways  necessary  to  provide  approxi- 
mately the  same  traffic  service  under  the  two 
conditions. 

As  an  aid  in  relating  the  annual  traffic 
volumes  to  the  peak  hourly  flows,  the  results 
of  an  analysis  of  traffic  count  data  for 
171  stations  in  48  States  are  summarized  in 
table  22  and  detailed  in  table  23.  It  is  antici- 
pated that  these  tables  will  be  of  value  in 
estimating  peak  hourly  flows  on  roads  within 
the  area  of  influence  of  these  stations,  or 
where  similar  conditions  exist,  when  only  the 
annual  traffic  volumes  are  known. 

Figure  50  shows  the  average  yearly  traffic 
pattern  for  these  171  rural  highway  locations 
and  an  indication  of  the  range  in  peak  flows 
that  occur  at  different  locations.     On  a  road 


Table  23. —  Variations  in  traffic  flow  on  main  rural  highways 


New  England: 
Connecticut... 


Maine 


Massachusetts... 
New  Hampshire. 

Rhode  Island 


Recorder  sta- 
tion No. 


6-WB- 
7-EB_. 
6  and  7- 

17 

3 

2 

2 

4 

8.. 

10 

1 

2 

1 

1 

3 

4 


Route 
No. 


i  1 

1 

1 

5 

27 

1 

1 

17 

1 

10 

8 

3 

3 

3 

M04 

2  146 

1 

1 

2  102 


Year  starting 

24-hour  volumes 

Percentage 

of   average    24-houi     70 
volumes  during 

ume   in   certain    hourly 
fear 

Percentage  of  average 

A \ erage 
lor  vear 

Maximum 
hour 

10th  highesl 
hour 

20th  highest 
hour 

3011]  highest 
hour 

50th  highest 

hour 

Maximum 

10th  highest 

24  hours 

24  hours 

Vehicles 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Mar.  31, 1939 

6, 813 

287.7 

244.3 

29.7 

25.6 

24.0 

23.4 

22.0 

do 

6.811 

297.2 

221.4 

26.7 

21.7 

19.6 

is.;, 

17.5 

do 

13,  624 

292.5 

227.9 

25.7 

21.2 

19.2 

18.6 

17.7 

do 

8,313 

155.3 

136.  8 

13.  3 

12.0 

11.5 

11.2 

10.8 

Dec.    15, 1940 

1,397 

319.2 

240.9 

39.8 

28.6 

25.8 

24.3 

22.0 

Feb.     5, 1938 

1,287 

274.1 

263.4 

22.4 

19.8 

18.8 

17.9 

17.1 

Jan.      1, 1940 

1,248 

274.3 

231.6 

24.0 

20.6 

19.5 

18.7 

17.6 

do 

436 

354.8 

183.9 

39.4 

21.0 

19.5 

IS.  1 

16.7 

Apr.   30,1938 

7,  363 

288.2 

246.9 

24.6 

22.2 

20.7 

19.9 

18.2 

July    21,1939 

6,  476 

218.7 

189.0 

18.8 

16.8 

16.  3 

15.8 

15.0 

Jan.      1. 1940 

3,071 

205.4 

160.6 

29.3 

20.7 

17.4 

16.3 

14.6 

May   12, 1940 

6,635 

263.3 

I'.is  s 

28.5 

20.6 

18.7 

17.8 

16.4 

Jan.      1, 1940 

1,410 

517.2 

277.  S 

55.2 

43.0 

37.5 

32.8 

27.  5 

Sept.  18,  1937 

1,361) 

647.6 

279.9 

60.4 

IS    1 

38.7 

34.1 

28  9 

Oct.    22, 1939 

535 

298.1 

227.1 

34.7 

25.4 

23.7 

22.8 

20.9 

Jan.      1, 1940 

4,  609 

197.2 

166.9 

26.3 

21.3 

19.6 

18.5 

16.  6 

do... 

2,155 

452.9 

263.9 

57.2 

41.6 

37.1 

34.0 

30.0 

June     4, 1938 

1,931 

466.  8 

238.0 

68.3 

43.8 

37.  9 

34.2 

31.4 

Jan.      1,  1940 

330 

240.9 

215.2 

62.7 

27.0 

26.1 

24.8 

22.7 

See  footnotes  at  end  of  table,  p.  $71. 
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;._>  ■„  traffic  flov  nain  rural  highways— Continued 


i. 


i  'on!  inued 

\   t'l  llmnl 

New  li  .  Comity) 

New  Jersey  (  Edison  Bridge) 
New  Jersey  (Woodbridgc).. 

New  York 

l  'ennsj  Ivania 

South  Atlantic  (North  por- 
tion): 


West  Virginia 

South  Atlantic  (South  por- 
tion) ■ 


Florida   

Georgia    

North  Carolina 

South  Carolina  

East  North  Central: 
Illinois 

Indiana  ..  


Wisconsin. 


West  North  Central 

low;! 


\    12  2   

A-12-2 

C-14-2 

B-6-1.. 

Mi 
SB     . 

Ml  and  SB. 
NB 

[NB  and  SB. 

IN'lt 

SB 


No 


2 

-'  1-1 


2,r. 

25 

25 
35 
35 
35 
35 
35 
35 
17 
2  5 
'-'  5 
33 
20 
20 
-  53 
6 


13 
13 
13 
13 

in 

1 

411 

1 

II 
58 
60 
2  10 
'  2 


'Hi 

90 

41 
'.III 
29 
41 
84 
29 
19 
158 
29 
13 
15 

45 

66 

50 

20 

30 

40 

52 

31 

27 

23 

23 

25 

42 

75 

=  41 

-41 

-'41 

Ml 

-'41 

10 

-'  13 

II 

45 

10 

-'  13 

1  t'&S 

65 

65 
69 
24 
50S 
24 
212 
1(1 
52 
66 
69 
54 

6 
77 
30 
II) 
°-  1 

2 
77 
14 
18 


,  i  .1  starting 


Jan.  1.  1949 

Nov.  28,  1936 

Jan.  1,1941 

Mai.  2,1941 

Jan.       1.1941 
..     .In 

.      'In    

.     .In    

.     do 

.     .In 

.In        .... 

...   do 

.       'In 

Feb.  25,  1940 

Jan.  1.  nil) 

IV  '.  31,  1938 

Jan.  1.  1939 

Jan.  1,1941 

Nov.  20.  1937 

Jan.  1.1940 

July  24.  1937 


June    8,  urn 

.In 

.In 

May  1,1941 

Jan.  2'.',  1938 

Jan.  1.194(1 

Apr.  3.  1937 

June  26,  1937 

May  5,1940 

Jan  31,1939 

Dei  8,1939 

June  4,  1939 

Jan.  1,1940 


Jan.  1.1941 
May  15,  i'.>:;7 
Jan.  1,1938 
Nov.  27.  1937 
Jan.  1,  1940 
Jan  1,  1939 
...  do 
.     do 

Feb.   25  L9  19 
1.  1941 
2ii.  1937 

I.  1941) 
4.  1937 


Jan. 
Feb. 
Jan. 
Dec. 


Sepl    27. 

Jan  24, 

Dec.  is, 

Aug.  28. 

Dec.  21. 

Jan.  la. 

July  3, 

Jan.  15, 

Oct .  2. 

Jan .  1 , 

Jan.  1. 

Feb,   is, 

Apr.  12. 
June  25, 
Ian  8, 
...  do 

.In 

Jan.  1, 
Oct.  4. 
Jan.      1, 

.In 
.1.1 

Jan,  6, 
Jan.      9, 

I'll.         1. 

...   .In 


1936 
1937 
1937 

1937 
191(1 
1938 

1937 
1938 
1937 
1911 
1939 
1939 
1939 
L939 
in:;-. 


1911 

in:;',' 
mm 


1939 

1937 
191(1 


Jan. 
Dec. 
Jan. 

Aug. 

Feb. 

Jan. 

Mar. 

Sent. 

July 

Jan. 

Jan. 

July 

Jan. 

June 

Jan. 

Jan. 

Feb. 

Oct. 

Jan 

May 

Dec. 


1,1938 
19,  1936 

1,  1911 

14,  1938 
is.  1939 

I.  1940 
211. 1937 
11.  1937 

3,  1937 
23.  1939 

l,  1939 
17,  1937 

-  1938 
r,  1940 

s,  1938 

1.  1941) 

1.  1939 
is.  1937 

1. 1940 

15,  1937 
31,  1938 


for  yeat 


l  'ehicles 
1,688 
1,615 

1,  1  15 
352 

32,  Kin 
30,  150 
112,  250 
13.  725 
11.6=6 

11.286 

10.  70(1 
22.  052 
7.  594 
4.  794 
4.  45S 
2,843 
6,112 
I  395 

2,  979 
1,231 


I  37-1 
3,370 

0.741 
3,410 
7,  2511 

5.  157 
1,030 

6.  668 
2,600 
2.  4-11 

7.  285 
1,727 
1,258 


;  646 
3,365 
1,668 

749 
I,  307 
;      ,-, 

032 
1  296 
_',  540 
1,414 
3  936 
3,268 

1 .  583 

1,057 
3,  937 
3,  210 
3,  49(1 
::,  198 
3.  125 
3,(171 

2.  293 
3, 151 
1,538 
1.2IIO 
3.928 

3.  045 
1,055 
5,  074 
2,817 
2,857 
3,  921 
1,870 
2,  953 
2,  7SO 
2,  199 

2.  037 
1.632 

1  044 
282 

3.  539 
3,290 
1.417 

2  183 
2,059 

991 

1,  875 
;,  730 

872 
5.  220 
3.  307 
1,708 

2.  1 28 
2,  090 
1,619 

585 
356 
352 
1,966 
982 
479 


luines 

Percentage 

of  average 

24-hour    vo' 

ume   in   certain   hourly 

volumes  during  year 

,  ntage  ol  average 

in 

— 

10th  highest 

20th  highest 

30th  highest 

50th  highest 

Maximum 
hour 

hour 

hour 

hour 

hour 

Maximum 

inih  highest 

2!  1  inurs 

21  hours 

Percent 

Percent 

Percent 

Percent 

Per  a  m 

Percent 

Perceii' 

2  6   1 

190.  1 

38.1 

19.  5 

17.5 

16.9 

16.2 

270  5 

219.0 

31.3 

22.  2 

20.9 

20.  3 

18.0 

275.  1 

194.8 

34.  1 

23.  3 

20.5 

19.0 

17.6 

706.0 

280.  1 

69  ',' 

II .  ;. 

in  0 

27,  2 

30.3 

144.  2 

130.  0 

11.2 

11.9 

10,9 

10,  5 

9.2 

159  9 

137.8 

13.3 

11.4 

11.  1 

10,9 

10.3 

14?  6 

131  6 

11   2 

9.  0 

9.  3 

9.3 

8.8 

257.  9 

107.  :-; 

20   7 

2.2. :-; 

21,  1 

19,7 

18.0 

136,  ■■'. 

3 15.  3 

36  0 

28.0 

24  7 

21  7 

23.6 

284.  3 

231.6 

24.  0 

19.1 

17.3 

lfi.  2 

15.4 

229.  3 

181.4 

30.  1 

20.7 

18.4 

15.9 

8.9 

189,  o 

255.  2. 

11.5 

30.1 

26.2 

21.7 

18.9 

2' 19.  2 

211.5 

26.8 

18.0 

17.0 

15.9 

13.6 

291.7 

255.  1 

21.1 

19.6 

18.8 

18.3 

17.6 

156    1 

13X.  7 

1 5.  4 

11.7 

11.3 

11.  1 

10.5 

329  2 

211    5 

27.2 

22.  7 

19,9 

is.  0 

17.4 

186,  1 

105.  5 

20,  7 

17.9 

10  9 

10.0 

14.4 

291.3 

212.7 

23.  9 

20.  (1 

1  7  2 

10,2 

15.  3 

311.  1 

2119   0 

28  1 

19.3 

17.2 

16.0 

14.9 

160   I 

141.6 

is,  7 

13.7 

13.  1 

12.7 

12.  1 

261.9 

203.  7 

27.8 

20.  1 

20.  1 

18.3 

17,  1 

344  9 

2:;:,   9 

to.  1 

31,0 

31    1 

29.2 

25,  0 

2S7.  5 

202    1 

2:,.  1 

21    1 

17.7 

16.9 

15.3 

2a  1    2 

201    5 

23  s 

20.  5 

2(1.  (1 

19.  1 

16.9 

201.3 

158  1 

17.7 

14.4 

12.9 

12.  1 

11.3 

227.  0 

171.  1 

22.  3 

1  s   2 

16.6 

15.5 

14.3 

215.  5 

171.6 

27.3 

2(1.  4 

IS.  s 

17.0 

16.2 

190.  3 

23  5 

10  s 

16.  1 

15.4 

14.7 

210..  3 

171,  5 

20.  1 

16.9 

1  5,  0 

14.9 

13.9 

214.2 

163.7 

17.3 

15,9 

15.0 

14.3 

13.5 

1 51 .  2 

112.7 

1:;  6 

12.0 

11    9 

11. 6 

11,0 

170.5 

131.0 

12.5 

11,2 

10  0 

10.5 

10.2 

109.2 

111.9 

17,0 

15.7 

1  1   9 

14.4 

13,7 

234.7 

17S.  3 

25.  5 

20,  2 

17.0 

17.1 

15.7 

117.3 

13°.  1 

13.3 

11.9 

11    3 

10  9 

10.3 

1  112 

119    7 

11   9 

III  s 

10.3 

9.S 

9.  2 

i  r  ;; 

129,0 

1  :  8 

11.0 

11.2 

10.8 

10.4 

144.9 

12,-1  0 

24.  4 

13.0 

12  3 

11.2 

11).  3 

153.5 

1  in   1 

10.7 

1  5.  0 

11,7 

11   1 

13.3 

l  1  ■'  9 

120,7 

1  1.  2 

12.7 

12.2 

11.5 

11.  1 

170,0 

135.9 

20.  9 

15,0 

13  S 

12.2 

11,  1 

174.4 

135.  5 

25.  0 

10  s 

II    5 

13.9 

12.6 

103.2 

144.2 

16.  t 

15  2 

12  9 

13.2 

12    1 

218.8 

157.6 

20,  0 

17.  1 

1  5.  9 

15.4 

1 4,  0 

154.5 

133.  4 

15.9 

15.0 

1  1   5 

13.9 

13.0 

174.7 

137.2 

20.4 

14.  7 

14.0 

13.4 

12.9 

151.3 

129  0 

10.9 

13   1 

12.4 

11.9 

11.2 

443.  7 

309.  7 

31.8 

29.6 

28  1 

27.  1 

25.  9 

233.  2 

185.  3 

25  0 

18.3 

10,  1 

15.  1 

13.8 

171   9 

120    1 

15,  9 

14.  1 

13.1 

12.5 

113 

226.  8 

ISO.  5 

25,  8 

18.3 

17.2 

16.1 

13.7 

2-1  2 

186.2 

17.0 

1  5.  0 

1  1    2 

12.  1 

1  2  2 

233,  ? 

101.  1 

33.  2 

14.9 

12.  9 

12.  S 

12.4 

291    7 

179,0 

13.  2 

17.3 

1  5.  5 

14.4 

13.8 

213  s 

165.9 

20   1 

15.3 

13.4 

13.0 

12.  1 

235  3 

200,  0 

53,  9 

20,  7 

17.2 

10.  3 

15.3 

336.  o 

246.  s 

30.  4 

28  3 

20  0 

21   3 

23.0 

300  n 

207   5 

lis 

31.2 

26.2 

24.8 

22.  5 

213.7 

150.9 

23.  1 

15.3 

13.8 

13.3 

12.5 

214.  4 

15S,  5 

21.2 

14.7 

13.0 

13.  1 

12.4 

180  6 

158  2 

19.9 

10  s 

15.4 

14.3 

13.4 

305.9 

22U   2 

29.  1 

18.9 

18.1 

16.3 

405,  0 

241.8 

13,  7 

30,  7 

25.6 

22.9 

20.2 

281   o 

220.3 

22.  1 

19.7 

17.8 

10.  1 

1 5.  3 

139.  s 

217.  0 

10   1 

2:(    1 

20  5 

IS,  9 

in  0 

263  6 

231.  S 

20.  (I 

22.  4 

21.1 

19,9 

18.1 

248   I 

211    1 

30.  0 

18.5 

17.2 

15.  S 

14.  (i 

317.5 

229   1 

32.  1 

21.3 

19.6 

18.0 

10  8 

203.6 

in:;  v 

31    1 

17.  1 

15.1 

13.2 

12.4 

?89  8 

211.  1 

24.  5 

20.  1 

IS.  4 

10.7 

15.5 

2.0  t   2 

212,3 

28.  5 

19  9 

19.  4 

is.  0 

17.0 

9  1    1 

189.  1 

24.  3 

19.0 

18.0 

16.3 

14.4 

312.  4 

200.  7 

*            40. 8 

29.4 

20.  2 

23.4 

20.  2 

123.3 

1  :.7,  1 

20.  7 

10  0 

14,9 

14.2 

13.2 

232  4 

1 54.  2 

IS.  1 

14.9 

14.3 

13,  1 

12.  3 

243  2 

184.3 

25,  5 

16.8 

15.7 

14.9 

13.8 

is:,  3 

155.0 

14.9 

13    1 

12,0 

12.4 

11.9 

IO|    'J 

146.2 

17.  1 

14.3 

13.3 

12.2 

11.5 

102.9 

147.7 

is.  7 

12.9 

12.  0 

11.7 

11.2 

221.5 

191.1 

22.  9 

19.7 

18.7 

17  s 

10.  0 

:;'.;  9 

220.  2 

33.7 

20,  1 

22   9 

19  7 

17.4 

264.8 

183.0 

28  9 

22,  2 

IS,  2 

17.4 

15.0 

339  3 

257   1 

28.4 

25.1 

22.  1 

21.4 

20.3 

200.  2 

165.4 

28.9 

10.  1 

14.8 

14.3 

13,7 

433.  4 

255  1 

16.3 

31.6 

28,  2, 

27.  1 

23. ; 

238.9 

inn  s 

48.8 

2X.0 

17.0 

14.9 

13.9 

326.  9 

139. 1 

27.4 

14.6 

11,4 

9.  9 

9.2 

200,  9 

17s,  9 

16.9 

13.8 

1::  :; 

12.9 

12.6 

354.2 

194.7 

30.1 

20.3 

17. s 

10.9 

15.  S 

211.2 

1  is  6 

44.4 

19.  1 

17.  1 

10.(1 

14.0 

237.  2 

173  6 

28.4 

is  .8 

is,  s 

17.3 

14.2 

197.7 

1011.9 

21., S 

10.  5 

1  1.8 

14.2 

13.2 

290  8 

199.  1 

54.4 

18.2 

10.  s 

10.3 

15.7 

lso.0 

140.3 

27.6 

14.4 

12.4 

12.9 

11.9 
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Table  23. —  Variations  in  traffic  flow  on  main  rural  highways — Continued 


Region  ami  State 


East  South  Central: 
Alabama 


Kentucky. _ 

Mississippi 

Tennessee.. 


West  South  Central: 
Arkansas 


Louisiana- 
Oklahoma. 

Texas 


Mountain: 
Arizona, . . 


Colorado, 

Idaho 

Montana. 
Nevada... 


New  Mexico 


Utah. 


Wyoming. 


Pacific: 


California 


Oregon. 


Washington. 


Recorder  sta- 
tion No. 


1... 

1... . 

4.... 

2.... 

11... 

3..    . 

II 

14... 

7 

2.... 

1.... 

3.... 

All 

4.... 

A7._ 

110- 

101- 

107.. 

2  ... 

10— 


7— 
3... 

(4- 

11- 

1— 
1... 
5  — 
9— 

302. 

302. 

301 

301. 

305 

1308 
204. 
•Jill 
203 
205 . 
205 
206 

1207. 


Route 
No. 


11 
78 
72 

31W 
41 
,23 
51 
45 
11 

31 W 

-71 

57 

61 
70 
2  22 
63 
90 
79 
90 
66 
77 
01  i 

80 

77 
77 
80 
81 


80 
80 
60 
80 
85 
85 
160 
160 
34 
30 
10 
30 
10 
10 
91 
93 
50 
40 
85 
285 
2  28 
66 
70 
64 
54 
70 
85 
85 
2  18 
54 
54 
50 
50 
40 
40 
89 
40 
30 
30 
87 
20 
20 
30 
II    10 


2  43 


2  43 

60 

101 

2  50 

2  50 

2  153 

'  201 

2  42 

99E 

99E 

30 

99 

99 

99 

99 

101 

10 


24-hour  volumes 


Year  starting 


Jan.  1,1940 
Dec.  25,  1937 
1939 
1941 
1940 
1941 
191(1 


Jan. 

Jan.  1, 
Dec.  29, 
May  I. 
Jan.  1, 
....do. 
...do- 
Apr.  21, 
July  11, 
Feb.     9, 


Average 

for  year 


19:  Hi 
1939 
1941 


July 
ran 
Jan. 
Jan. 

Apr. 
Dec. 
Jan. 
Jan. 
Feb. 
May 
July 
Jan. 
Jan. 
Dec. 
Mar. 


23,  1940 
1,  1939 

28,  1940 
1, 1939 

24,  1937 

25,  1937 
1,  1940 
1,  1939 

27,  1937 
15,  1937 
7,1939 
1, 1941 
1,  1938 
19,  1936 
20, 1937 


Jan.  1, 
July  7. 
Jan.  28, 
Jan.  1, 
June  26, 
Feb.  27, 
Jan.  1, 
Jan.  1, 
do- 
Apr.  3, 
Jan.  1, 
do- 
Dec.  3, 
Oct.  29, 
June  30, 
Jan.  1, 
Nov.  6, 
June  ■•, 
Jan.     1, 

do... 

do.. 

.1:111         15, 

Aug.  7, 
Jan.      1, 

do... 

do... 

June  12. 
Jan.       1, 

do... 

do- 
Jan.  8, 
Jan.  1, 
July  10, 
Jan.  1, 
Nov.  13, 
Jan.  1. 
.... do__ 
... do._ 
Jan.  l. 
Jan.  l, 
Jan.  1, 
May  19, 
Jan  I. 
... .do._ 


1941 
1939 
1939 
1940 
1938 
1937 
19111 
1911 


1937 
1938 

1939 

193,8 
1939 
1941) 
1937 
1937 
1941 


193S 
1937 
1941 


1937 
1941 


I  9  Is 
1941 
1937 
1941 
1937 
1941 


1939 
1940 

19  11 
1939 
1911 


do 

July  10,  1937 
Jan.      1, 1941 

do.. 

Feb.  20.1937 
Jan.  1,1941 
— _do___ 

....do 

—do 

Aug.  6,  1939 
Jan.      1,1911 

....do 

....do  ... 
... .do- 
Jan.  1.19111 
Nov.  27,  1937 
Jan.  1,1940 
Jan.  1,1911 
Dec.  11,  1937 
Dec.  28, 1937 
Sept.  11,1937 
Apr.   10, 1937 


1  eKicles 

5.718 

1,073 
531 
7,937 
2,086 
1.323 
1.871 
1,071 
1,617 
3,  f25 
990 


3,  057 

2,  321 
1,501 

311 

4,  226 

3,  304 

3,  159 

4,  291 
2,  259 
2,111 
9,  053 
5, 180 
4,  049 
2,  127 

875 


8,  757 
7,  171 
1.713 
1,036 
5,  472 
1,  33! 
1.2S6 

1,  224 
731 

3,  085 

2,  138 
2,290 
2,777 

982 

195 

1,752 

1,  169 
755 

3,  375 

2,  185 
1,804 
1,  574 
1,461 
1.  156 
1,391 
1,324 
1,  216 
1,059 
1,163 

946 

751 

4.422 

?,443 

:,  ill 

1,766 
833 

557 
1,647 
1,257 
1.551 
1.375 
1,309 
1,365 

555 

7,692 
5,815 
5,  228 

3,  532 
2,281 
3,  434 
3.285 
2,004 
1,570 
1,444 

955 

814 

711 

4,729 

1,051 

1,252 

915 

5,520 

3,479 

3,  590 

3,  385 

3,233 


Percentage  of  average 


Maximum 
24  hours 


Percent 
159.0 
203.1 
151.4 
166.  l 
186.  5 
166.  7 
114.6 
177.4 
165. 1 
142.1 
410.4 
170.8 

159.7 
148.3 
143.4 
305.5 
143.1 
158.6 
139.6 
170.9 
259.0 
196.0 
154. 1 
181.  2 
151.9 
163.  6 
177.9 


157.4 
172.1 
177.1 
177 .9 
i:;s  3 
214.6 
327.9 
319.9 

203.  8 
179.2 
160  s 
165.9 
213.4 

232.  8 
280.  2 
239.  1 
165.2 
207.  9 
173.7 
167.  0 
165.2 
194.5 
179.6 
191.7 
207.  7 

204.  7 

238.  3 
192.  8 
148.8 

239.  6 
241.5 
231.  5 
230.9 
355.0 
301.1 

!II8  s 
234.3 

233.  3 
234.4 
180.3 
216.  7 
230.  2 
220.  7 
286.5 

207.0 
197.2 

254.  0 
211.4 
173.  7 
135.  o 
171.5 
309.  8 
161.1 
183.7 
159.0 
291.  1 
606.  0 
255.8 
28.-,  2 
248.5 
237.8 
205.7 
221.8 

255.  8 
269.5 
182.0 


10th  highest 
24  hours 


Percent 

147.  S 
155.8 
134.  8 
139.7 
143.  3 
141.5 
124  9 
128.1 
156.0 
135.5 
271.  3 
141.3 

141.6 

133.  6 
128.1 
172.7 
125.6 
124.5 
127.5 
126.  9 
180.3 
158.1 
133.  3 
145.9 
143.5 
140.0 
135.0 


130:  1 
131.2 
140.4 
133.  5 
129.7 
173.7 
151.2 
160.  0 
173.  2 
149.5 
222.8 
139.0 
165.  IJ 
177.1 
196.2 
139  3 
130.  6 
180.8 
146.  2 
130.9 
140.2 
160.0 
154.8 
167.  6 
166.1 
152.5 
184.8 
168.1 
126  8 
187.9 
165.6 
164.4 
172.4 
247.7 
260.0 
164.3 
210.4 
198.7 
197.  9 
161.3 
152.7 
149.7 
173.4 
253.5 


Percentage   of  average   24-hour   volume   in   certain    hourly 
volumes  during  year 


Maximum 
hour 


149.3 
159.9 
236  0 
164.8 
147.  5 
333.  4 
152.  5 
193.4 
136.  9 
139.9 
128.5 
224.  8 
485.  5 
172.  9 
167.  9 
175.2 
157.  0 
160.  5 

171    3 

207.  9 
207.3 
168.5 


Percent 
18.9 
27.9 
27.7 
19.6 
23.8 
16  3 
17.0 
22  9 
29  6 
17.8 
44.1 
19.1 

12.  6 
13.7 

15.4 
31.8 
15.4 
16.0 
1!.8 
16.0 
19.0 
16.  6 
17.2 
19.4 
16.6 
16.  6 
24.3 


16.3 
22.  9 
15.8 
II.  1 
14.  1 
21.  9 
46.0 
16.1 
21.6 
I ;,.  8 
36.6 
17.0 

18.  ! 
19.9 
36.0 

19.  I 
20.5 
18.3 
15.2 
15.1 
18.6 
18.9 
20.7 
17.7 
22    I 

19    3 

23.0 
28.0 
23.9 
28.9 
30.5 
17.7 
20.9 
29.2 
41.3 
31.0 
27.8 
31.8 
26.6 
29.8 
20.  1 
54.7 
19.8 
30.8 

17.1 
18.9 
27.  6 
17.8 
12.8 
44.2 
16.3 
26.3 
15.7 
54.4 
30.3 
49.4 
80.0 
21.9 
26  I 
29.2 
24.  1 
19.9 
23.7 
28.4 
29.3 
15.3 


llllh  highest 
hour 


Percent 
16.7 
19.  6 
17.5 
15.9 
13.6 
111', 
13.  3 
16.6 
17.2 
14.7 
36.  5 
15.4 

11.0 
11.4 
12.3 
23.5 
11.7 
13.4 
12.0 
12.3 
16.7 
14.8 
13.4 
14.6 
14.2 
13.9 
14.3 


12.2 
13.0 
12.4 
11.9 
12.4 
16.0 
18.4 
17.4 
15.3 
13.9 
28.9 
12.2 
13  7 
17.4 
22.2 
16.2 
15.  7 
14.4 
13.7 
11.4 
12.5 
15.1 
11.8 
13.7 
13.9 

13.  6 
17  2 
14.8 
13.7 
19.2 
20.4 
15.4 
16.9 
26.4 
29.0 
15.8 
19.7 
17.7 
18.8 
15.4 
13.3 
15.0 
16.7 
24.7 

13.7 
15.3 
217 
14.3 

11.  4 
39.2 

14.  4 
19.9 
11.9 

12.  5 
118 


20th  highest 
hour 


59. 

17. 
15. 

i; 

18. 

16.7 
19.3 
20.9 
23.11 
13.6 


Pi  fee  ill 
16.1 
18.6 
15.4 
15.1 
12.4 
13.5 

12.  5 
15.1 
16.  3 
13.7 
31.9 
14.9 

10.7 
11.1 
12.1 
19.9 
11.1 
12.0 
11.4 
11.9 
15.7 

13.  0 
12.4 
13.  3 
13.3 
12.9 
12.9 


11.7 
11.9 
11.2 
11.3 
11.7 
15.0 
14.7 
15.9 
14.6 
13.1 
23.4 
11.5 
12.9 
15.0 
18.8 
13.8 
12.8 
13.6 
13.2 
11.2 
11.9 
1  1.  6 
11.4 
12.7 
13.2 
12.8 
16.0 
13.9 
12.9 
18.0 
17.0 
14.5 
15.1 
23.1 
26.2 
14.2 
18.9 
16.6 
17.1 
15.0 
11.8 
13.7 
15.1 
22.  1 

12.8 
13.5 
23.1 
12.9 
10.6 
36. :, 
13.3 
17.4 
11.2 
11.4 
13.1 
29  0 
53.9 
15.2 
11.  6 
16.6 
16.  3 
14.3 
16.8 
19.  6 
19.0 
13.  1 


30th  highesl  50th  h 
hour  hour 


ft  i,i  hi 

15.  1 
17.9 
14.9 
14.6 
12.2 
12.6 
12.0 
14.0 
15.0 
13.  1 
30.6 
14.4 

10.5 
10.7 
11.7 
18.0 
10.6 
11.6 
11.0 
11.2 
15.3 
12.5 
12.0 
12.9 
12.8 
12.3 
12.3 


Percent 

113 
16.  7 
13,7 
13.6 
Hi  6 
11.  7 
11.3 
12.7 
13.8 
12.5 
27.8 
13.  0 

10.  (I 
10.3 
10.7 
15.  4 
10.0 
11.0 
10.6 
10.5 
14.0 
11.8 
11.5 
12.0 
12.0 
11.5 
11.3 


11.2 

10.5 

11.5 

10.9 

10.7 

10.0 

10.  9 

111.4 

11.1 

10.  5 

14.3 

13.4 

14.5 

12.4 

13.6 

12.4 

14.2 

13.  1 

12.8 

12.  1 

21.0 

19.  1 

11.3 

10.6 

12.4 

11.6 

14.5 

13.5 

18.0 

16.2 

11.4 

11).  7 

12.  3 

11.0 

13.1 

12.2 

12.8 

12.4 

10.6 

10.3 

11.6 

11.3 

13.7 

12.7 

11.1 

in  3 

12.5 

11.9 

12.9 

11.9 

12.3 

11.6 

14.9 

13.7 

13.  2 

12.7 

12.4 

11.7 

16.  6 

13     8 

16.4 

14.8 

14.2 

13.4 

14.4 

13.7 

21.9 

19.6 

25.4 

22.8 

13.6 

12.5 

17.7 

16.7 

15.8 

14.3 

16.5 

15.0 

14.5 

13.0 

11.0 

9.5 

13.1 

12.3 

13.8 

12.1 

20.2 

16.0 

12.2 

11. o0 

12.4 

10.8 

22.4 

12.1 

10.3 

9.9 

32.3 

12.2 

16.  6 

Hi   S 

11.1 

10.6 

12.7 

26.5 

50.0 

14.5 

13.7 

13.9 

12.8 

15.  6 

13  7 

14.9 

13.9 

13.4 

[2  6 

15.6 

l  1.2 

18.5 

16.9 

17.8 

11',   3 

12.6 

12.  1 

1  Merritt  Parkway. 

•'  State  routes.     Others  are  U  S  numbered  routes. 

i  County  trunk  highway. 

4  Traffic  highly  seasonal  and  not  representative  of  most  roads  in  the  State.    Not  included  in  regional  averages. 
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Figure  50. — Relation  between  peak  hourly  flows  and  annual  average  daily  traffic  on  rural 

highways. 


with  I  lie  average  fluctuation  in  traffic  flow, 
the  peak  hourly  volume  is  about  25  percen.1 
of  the  annual  average  daily  volume.  A1  lf> 
percent,  of  the  locations,  however,  the  peak 
hourly  volume  during  1  year  exceeded  32  per- 
cent  of  the  average  daily  volume,  whereas  at 
another  L5  percent  of  the  location-  the  peak 
hourly  volume  was  less  than  16  percent  of 
the  average  daily  volume.  At  all  locations, 
there  are  relatively  few  hours  during  the  year 
when  the  traffic  volume  greatly  exceeds  the 
volume. that  occurs  frequently  or  for  a  large 
number  of  hours  each  year.  This  would  be 
more  evident  were  the  curves  in  figure  50 
extended  to  include  the  8,760  hours  of  a  full 
v.'ir.  in  which  case  they  would  reach  or 
approach  the  zero  base  line  at  a  distance  to 
the  right  equivalent  to  about  51  times  the 
width   of   the   chart. 

Thirtieth    Highest   Hour  a    Practical 
Criterion  of  Needed  Capacity 

The  relation  between  the  peak  hourly  flows 
and  the  annual  average  daily  traffic  on  rural 
highways,  :is  shown  by  figure  50,  serves  as  a 
guide  when  selecting  a  reasonable  hourly  vol- 
ume for  the  design  of  a  highway.  Looking 
first   at    the  curve  showing  the  traffic  fluctua- 
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tion  on  the  average  rural  road,  it  will  be  seen 
that  the  peak  hour  of  the  year  will  require  a 
roadway  having  over  twice  the  capacity  that 
would  be  necessary  if  some  degree  of  conges- 
t  ion  could  be  tolerated  during  130  hours  of  the 
year.  To  illustrate,  consider  a  proposed  high- 
way for  which  an  annual  average  daily  volume 
of  4,200  vehicles  is  anticipated.  To  provide 
for  the  highest  hourly  volume  during  the  year 
would  require  a  capacity  equal  to  25  percent 
of  4,200,  or  1,050  vehicles  per  hour.  A  facility 
capable  of  accommodating  the  traffic  during 
all  except  the  130  highest  hours  of  the  year 
would  require  a  capacity  of  only  abost  500 
vehicles  per  hour. 

During  the  highest  130  hours  of  the  year, 
however,  a  very  large  number  of  drivers  would 
be  inconvenienced  by  congestion  if  the  prac- 
tical capacity  were  only  500  vehicles  per  hour. 
By  planning  for  the  volume  during  the  120th 
highest  hour  instead  of  the  130th,  the  change 
in  the  required  design  would  be  inconsequen- 
tial because  the  difference  in  the  two  hourly 
volumes  is  negligible.  Continuing  with  this 
procedure,  it  will  be  found  that  at  about  the 
thirtieth  highest  hour,  the  slope  of  the  curve 
changes  rapidly,  and  it  is  at  this  point  that  the 
ratio  of  benefit  to  expenditureis  near  the  maxi- 
mum. 


Providing  for  an  hourly  traffic  volume  that  is 
not  exceeded  at  least  30  times  a  year  will 
show  an  extremely  small  return  in  terms  of 
driver  benefit,  whereas  little  will  usually  be 
saved  in  the  construction  cost  and  a  great 
deal  lost  in  driver  benefit  if  provision  is  not 
made  for  the  fiftieth  highest  hourly  traffic 
volume  of  the  year.  It  is  for  this  reason  that 
a  design  which  will  accommodate  the  fiftieth 
highest  hourly  traffic  volume  of  the  year  can 
usually  be  justified,  whereas  a  design  to 
accommodate  a  traffic  volume  greater  than 
that  occurring  during  the  thirtieth  highest 
hour  is  generally  not  warranted. 

Since  this  analysis  is  based  on  the  average 
fluctuation  in  traffic  volume  for  many  high- 
ways, the  results  are  not  necessarily  applica- 
ble to  every  location.  However,  by  following 
a  similar  approach  for  the  locations  with  high 
and  low  fluctuations  in  traffic  flow,  as  repre- 
sented by  the  upper  and  lower  curves  of 
figure  50,  it  can  be  shown  that  for  these  cases, 
and  hence  for  most  cases,  the  thirtieth 
highest  hourly  volume  for  the  year  is  generally 
a  reliable  criterion  of  the  needed  capacity  for 
which  it  is  most  practical  to  design.  This 
criterion  was  recently  adopted  by  the  Ameri- 
can Association  of  State  Highway  Officials  as 
a  design  policy  for  the  National  System  of 
Interstate  Highways. 

The  strict  adherence  to  the  application  of 
this  criterion,  however,  will  not  always  result 
in  the  best  engineering  practice.  There  are 
numerous  specific  locations  where  a  design  to 
accommodate  some  hourly^  volume  other  than 
the  thirtieth  highest  of  the  year  would  be 
proper.  For  this  reason,  and  because  ade- 
quate traffic  counts  on  which  to  base  the 
design  of  a  project  are  relatively  inexpensive 
compared  with  the  cost  of  construction,  the 
results  of  a  continuous  hourly  traffic  count 
for  a  full  year  should  be  available  for  loca- 
tions at  or  near  each  place  where  a  major 
construction  or  reconstruction  project  is 
contemplated. 

By  considering  the  shape  of  the  yearly 
traffic  pattern — the  curve  found  by  arranging 
all  the  hourly  volumes  of  one  year  in  descend- 
ing order  of  their  magnitude — the  most 
feasible  hourly  volume  that  should  be  used 
for  design  purposes  can  be  determined. 

In  connection  with  the  selection  of  the 
design  volume,  future  increases  in  the  traffic 
volume  due  to  the  normal  increase  in  travel 
and  induced  traffic  due  to  the  improvement 
of  a  facility  must  be  considered,  together  with 
the  estimated  life  of  the  contemplated  con- 
st Miction  and  the  traffic  capacities  of  the 
various  possible  designs.  If,  for  example,  the 
thirtieth  highest  hourly  volume  in  20  years 
would  require  a  four-lane  highway,  whereas 
the  fiftieth  highest  volume  would  only  require 
a  two-lane  highway,  it  would  be  most  practical 
to  provide  the  two-lane  highway  using  the 
fiftieth  highest  hourly  volume  for  design  pur- 
poses. If,  however,  a  four-lane  highway 
would  be  needed  within  10  years,  it  may  still 
be  most  feasible  to  construct  only  a  two-lane 
road  at  the  present  time  and  make  the  neces- 
sary provision  so  that  the  two  additional  lanes 
can  be  constructed  for  a  reasonable  cost  at 
some  future  date.     In  this  case,  the  alinement 
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Figure  51. — Distribution  of  locations  by  percentage  of  average  daily  traffic  during  thirtieth 

highest  hour  of  the  year. 


used  might  be  such  that  the  two-lane  road 
would  adequately  serve  traffic  for  a  period  of 
10  years  if  in  relatively  flat  terrain,  whereas, 
if  the  road  was  located  in  rough  terrain  it 
might  be  more  economical  to  build  the  two- 
lane  road  to  the  same  alinement  as  a  four-lane 
road  (spending  no  funds  to  provide  passing 
sight  distances)  even  though  the  four-lane 
construction  might  then  be  required  in  less 
than  10  years. 

Relation  of  Thirtieth  Highest.  Hour 
to  Annual  Average  Daily  Traffic 

The  range  in  the  relation  between  the 
thirtieth  highest  hourly  volume  and  the 
annual  average  daily  volume  at  rural  locations 
is  shown  by  figure  51.  At  nearly  half  of  the 
locations,  the  thirtieth  highest  hour  was  be- 
tween 12  and  16  percent  of  the  annual  24-hour 
average.  In  view  of  the  emphasis  which  has 
previously  been  placed  on  10  percent  as  a 
peak-hour  percentage,  it  is  interesting  to  note 
that  the  thirtieth  highest  hour  was  under  10 
percent  at  less  than  2  percent  of  the  locations 
and  over  10  percent  at  98  percent  of  the  loca- 
tions. Although  it  is  true  that  on  any  single 
day  the  maximum  hourly  volume  is  likely  to 
be  close  to  10  percent  of  the  traffic  on  that  day, 
the  use  of  a  10-percent  value  for  design  pur- 
poses is  sound  only  where  there  is  an  excep- 
tionally low  seasonal  and  day-to-day  variation 
in  traffic  flow. 

Only  at  relatively  few  locations  is  the 
thirtieth  highest  hourly  volume  an  excep- 
tionally high  percentage  of  the  annual  average 
daily  volume,  as  shown  in  figure  51  by  the 
areas  on  the  right  which  are  above  20  percent. 
It  might  appear  that  these  percentages  are 
too  high  for  use  as  design  criteria  and  that 
they  are  probably  too  exceptional  to  be 
repeated  year  by  year  at  the  same  locations. 
This  is  not  the  case,  however,  because  the 
results  of  a  study  of  the  yearly  patterns  for 
different    years    at    a    number    of    locations 


(table  24)  show  that  the  thirtieth  highest 
hourly  volume  on  a  percentage  basis  changes 
very  little  from  year  to  year. 


The  consistency  of  the  thirtieth  highest  hour 
as  a  part  of  the  yearly  traffic  pattern  is  shown 
by  figure  52.  Data  for  two  different  years  at 
24  rural  highway  locations  were  summarized, 
with  the  thirtieth  highest  hour  expressed  as  a 
percentage  of  the  annual  average  24-hour 
traffic  volume.  From  this  illustration  it  is 
immediately  evident  that  the  many  factors 
which  operate  to  influence  traffic  at  a  particu- 
lar location  do  not  materially  change  the 
thirtieth  highest  hour  percentage.  For  exam- 
ple, locations  1  and  2  maintain  their  unusually 
high  percentages  despite  the  passage  of  2  and 
3  years,  respectively.  At  location  numbei  10 
wit  h  a  39-percent  increase  in  annual  traffic  over 
a  4-year  period,  the  traffic  volume  in  the 
thirtieth  highest  hour,  expressed  as  a  percent- 
age of  average  daily  traffic,  changed  from  16.0 
to  16.2  percent.  The  comparison  is  just  as 
favorable  for  lightly  as  for  heavily  traveled 
roads,  as  will  be  seen  by  noting  the  relative 
heights  of  the  two  bars  for  location  8  and  those 
for  location  20.  In  a  few  cases,  average  daily 
traffic  volumes  have  dropped,  as  at  locations 
6,  12,  and  16,  but  this  has  not  resulted  in  any 
very  marked  change  in  the  percentages 
representative  of  the  thirtieth  highest  hours. 
For  all  23  locations  combined,  there  is  an 
average  difference  of  1.1  percent  between  the 


Table  24. — Comparison  of  variations  in  traffic  flow  at  the  same  location  for  different  years 


State 


Rhode  Island 

New  Hampshire 

Michigan 

Utah.. 

Vermont 

Maine 

Wisconsin 

New  Mexico 

Wyoming 

Pennsylvania 

Washington 

Utah _. 

Oregon 

Colorado 

low  a        

New  Mexico 

Texas 

California 

Wyoming 

Arizona 

California _ 

California 

Florida 


Recorder 

station 

No. 


678 

23 

301 

40 

A-12-2. . 

2 

2 

1 

3-EB.... 

41  >.... 

9 

54 

204 

30 

1 

20 

4 

99 

302 

50 

5 

99E... 

14 

160... . 

601 

65 

1 

85 

4-. 

77. 

1 

99 

205 

20 

1 _. 

80 

9 

99 

3 

50  I.-... 

4 

90 

Route 
No. 


1... 
3... 


Year  starting 


(June 
(.Jan. 

(Sept. 

(Jan. 

fJan. 

I.  lull. 

(Nov. 

Uan. 

fNov. 

I.Ian. 

(Feb. 

\Jan. 

f.Ian. 

(Jan. 

I.lall. 

Uan. 
(Jan. 
(.Jan. 

/Nov. 
I.Ian. 

(Dec. 
Uan. 
(July 

Man. 
(Ian. 

Uan. 

(Jan. 

(Jan. 

(Dee. 

I  Jan. 

(I  in  ii- 

Uan. 

(Jan. 

(Jan. 

(Julj 

\  Jan. 

(May 

I.Ian. 

fJulj 

Uan. 

(Feb. 

\Jan. 

(Aug. 

(.Jan. 

(May 

\Jan. 


4. 1938 
1, 1940 

18, 1937 
1. 1940 

1. 1939 
1,  1941 

13.  1937 
1,  1941 

28. 1936 
1,  1940 
5.  1938 
1,  1940 
8, 1938 
1,  1941 

S  I93S 

1,1941 
1.  1939 
1,1941 

20. 1937 
1,  1941 

11,  1937 
1,  1941 

10,  1937 
1,  1941 
1,  1940 
1,  1941 
1,  1940 
1,1941 

19. 1936 
1, 1938 

I.'.  1937 
1.  1941 

1. 1938 
1.1941 

10. 1937 
1,  1941 

19,  1939 
1,  1941 
7,  1939 
1,  1941 

20,  1937 
1,1941 

6. 1939 
1, 1941 

15,  1937 
1.  1941 


24-houi  volumes 


Aver- 


for 
yeai 


Ve- 
il iclcs 
1,931 
2,155 
1,360 
1,410 
1,  200 
1,538 
1.761', 
2.111 
1,615 
1,688 
1 ,  287 
1 ,  2  is 
2,857 
.:.'.rj| 
751 
946 
1,257 
1,647 
1,395 
6,112 

;;.  179 
5,520 
::.  143 
4,  422 
4,054 
4,729 
1,286 
1,224 
3,290 
:;.  539 
1.  216 
1,1  I.V.I 
4,049 
5,180 
5,815 
7.692 

1,  309 
1,375 

7.  174 

8,  757 

2,  28 1 

3,  532 
1,444 
1,570 
3,  365 
3.  646 


Percentage  of 
average  in- 


Maxi- 
muiri 

24 
hours 


Tenth 
highest 

24 
hours 


Per- 
ce ill 
466.  8 
452,  9 
647.6 
517.2 
300.9 
336.  0 
301.1 
355.  0 
276.5 
236.3 
274.1 
274.  3 

L'M    6 

241.5 
239.6 
234.  4 
233.  3 
311.1 
291.3 
224.8 
205,  7 
230.9 

231.  5 
285.  2 
255. 8 
327.9 
319.9 

232.  4 
223.  3 
238.  3 
192.8 
151.9 
181.2 
197.  2 
2(17.0 
230.  2 
216,  7 

172.  1 
157.  4 

173.  7 
211.4 
183.  7 
161.  1 
144.2 
147.3 


Per- 
il ill 

238.  0 

263.9 

279.9 

277.8 

267.  5 

246.8 

260.0 

247  7 

219.6 

196.  1 

263.  I 

231.6 

220.3 

217.0 

165.6 

L87.9 

197.9 

198.7 

209.6 

212.7 

171.3 

160 

172.  I 

164.  4 

167  9 

172.9 

151.2 

160.0 

154.2 

157.  I 

1st.  s 

168.1 

I  c:  5 

145.9 

159.9 

149.3 

1  19.  7 

152  . 

131.2 

130.  I 

1 1;  5 

[64.8 

139  9 
136.  9 
119.7 
132. 1 


PcreenlaiJe  of  average  L't-himi  volume  in 
certain  hourly  volumes  during  year 


Maxi- 
mum 
hour 


Tenth 

highest 

hour 


Per- 
cent 
68.3 
57.2 
60.4 
55.2 
44.8 
36.4 
41.3 
29.2 
31.3 
38.1 
22.4 
24  ii 
22. 1 
30.4 
30.5 
28.9 
26.6 
31.8 
28.1 
23.9 
23.  7 
19.  9 
20.9 
17.7 
26.4 
21.9 
46.0 
46.1 
18.1 
26.7 
23.0 
28.0 
it;  .6 
19.4 
18.9 
17.1 
54.7 
20.1 
22.9 
16.3 
12.8 
17.8 
54.  4 
15.7 
14.9 
13.3 


Per- 
cent 
13  8 
41.6 

48.4 
43.0 
31.2 
28.3 
29.0 
26.4 
22.2 
19.5 
19.8 
20.6 
19.7 
23.  I 
20.4 
19.2 
is  S 
17.7 
19.3 
20.0 
19.3 

16.  7 
16.9 
15.  I 
15.7 

1 7.  3 
IS.  4 
17.  I 
14.9 
16.6 
17.2 
14.8 
14.2 
I  Ii, 
15.3 
13.7 
15.0 
13  ! 
13.  0 
1 2.  2 
11.4 
14.3 
12  5 
11.9 
III.  S 
11.9 


Twen- 

<  tieth 

highest 

hour 


Per- 
cent 
37.9 
37.1 
38.7 
37.  5 
26.  2 
26.0 
26.2 
23.1 
20.9 
17.5 
18.8 
19.  5 
17.8 
20.5 
17.0 
18.0 
17.1 
16.6 
17.2 
17.2 
16.8 
li  3 
15.1 
14.5 
14.6 
15.  2 
14.7 
15.9 
II. 3 
14.9 
16.0 
13.  9 
13. 3 
13.3 
13.  5 
12.8 
13.7 
11.8 
11.9 
11.7 
10.  6 
12.9 
11.4 
11.2 
10.3 
11.3 


Thirti- 
eth 

highest 
hour 


Per- 

■<  .<</ 
34.2 
34.0 
34.  I 
32  8 
24.8 
24.3 
25.  I 
21.9 
20.3 
16  9 
1 7. 9 
Is  7 
16.  4 

15,  9 

16.  4 
16.6 
16.  "» 
15.8 
16.0 
16.2 
15.6 
13.4 
14.  4 
14.2 
13.9 
II  5 
[4.5 
13. 6 

13.  4 
14.2 

14.  9 
13.2 
11'.  s 
12.9 
12.4 
12.2 
13.  1 
II  n 
11.5 
11.2 
in..: 
12.1 
11.  1 
10.8 

9,  s 
10.  9 


Fiftieth 

highest 
hour 


Per- 
ce ill 
31.4 
311.(1 
28.9 
27.  ■", 
22.5 
23.0 
22.8 
19.6 
18.0 
16.2 
17.1 
17.6 
15.3 
16.0 
14.8 
15.8 
15.  0 
14.3 
14.9 
15.3 
14.2 

12.  6 
13.7 
13.4 
12.8 
13.7 
12.4 
12.4 
12.3 

13.  2 
13.7 
12.7 
12.  0 
12.0 
10.8 
11.11 
12.3 

9.5 
10.9 
10.5 

9.9 

10.6 

~9.~2 
10.3 


i  State  routes.   Others  are  TJ  S  numbered  routes. 
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Figure  52. — Comparison  of  thirtieth  highest  hourly  volumes  for  two  different  years  at  idential  locations. 


thirtieth  highest  hour  percentages  for  different 
years  at  the  same  location. 

The  fact  that  there  is  this  invariability  in 
the  thirtieth  highest  hour  at  a  given  location 
adds  greatly  to  its  worth  as  a  design  criterion, 
since  with  a  given  annual  average  daily  vol- 
ume for  some  future  year  obtained  through 
forecasts,  it  is  at  once  possible  to  compute 
with  considerable  confidence  the  traffic  load 
on  the  facility  during  the  thirtieth  highest  hour 
of  that  future  year.  For  example,  if  conditions 
indicate  that  a  20-percent  rise  in  the  annual 
average  may  be  expected  in  10  years,  a  similar 
20-percent  increase  should  be  expected  in  the 
thirtieth  highest  hour;  that  is,  if  the  facility  is 
able  to  handle  that  much  traffic.  If  it  is  not, 
severe  congestion  is  apt  to  result  and  traffic 
will  cither  use  other  routes  or  the  drivers  will 
be  subject  to  long  delays. 

If  the  facility  is  already  partially  congested 
during  30  hours  of  a  year,  a  20-percent 
increase  in  total  traffic  will  worsen  the  con- 
gestion far  more  than  this  proportionate 
amount.  A  20-percent  gain  in  annual  aver- 
age daily  traffic  will  increase  the  number  of 
hours  of  congestion  from  30  to  approximately 
100  hours,  a  gain  of  333  percent.  Further- 
more, the  average  congestion  during  the  100 
hours  will  be  much  more  than  during  the  30 
hours  of  the  previous  year.  Thus  at  an  aver- 
age location,  if  the  average  daily  volume  is 
19,000  vehicles  the  thirtieth  highest,  hour  is 
3,000  vehicles  per  hour.  Should  traffic  in- 
crease 20  percent  during  the  next,  10  years,  or 
to  23,520  vehicles  per  day,  the  thirtieth  highest 
hour  during  that  year  will  be  higher  in  direct 
proportion— specifically,  3,600  vehicles  per 
hour— if,  as  previously  stated,  the  facility  is 
capable  of  handling  this  larger  volume.  A 
volume  of  3,000  vehicles  per  hour  will  then  be 
12.5  percent  of  the  average  daily  traffic  which, 
as  may  be  seen  from  figure  50,  is  exceeded 
during  about   100  hours  of  the  year. 
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Table  25. —  Variations  in  traffic  flow  on  major  urban  facilities  during  I  year 


City  ami  location 


Birmingham,    Ala.:    Roebuck 
Blvd. 

Chicago,  111.: 

Leif  Erikson  Dr 

Michigan  Ave 

Monroe  St 

Ashland  Blvd _ __. 

Jackson  Blvd 

Sacramento  Blvd 

Warren      and      Washington 

Blvds. 
Lake  Snore  Dr 

Detroit.  Mich.: 

Joy  Rd 

Six  Mile  Rd 

14th  St.  at  Edison. _. 

Albuquerque,  N.  Mex.:  North 
4th  St. 

Santa  [->.  X.  Mex.:  linn  Gaspai 
St. 

New  York,  N.  V.:  George  Wash- 
ington Bridge. 

Philadelphia,  Pa.: 

Chestnut  St.  Bridge* 

Parkway  and  22d  St 

Spring  Garden  Bridge 

Girard  Ave.  Bridge 

Wissahicken  and  Ridge  Sts... 

City  Line  Bridge 

Allegheny  and  Hunting  Pari 
Broad,  Glenwood,  Cambi  i  I 
5th  and  Roosevelt  Blvd 
Ogontz  and  OIney  Ave 

Washington,  D.  C: 

Fourteenth  St.  Bridge 

Memorial  Bridge. 

Key  Bridge 

Anacostia  Bridge 

BenningRd.  NE.... 

Bladensburg  Rd.  NE 

Connecticut  Ave 

Pennsylvania  Ave 

Georgia  Ave.  XW 

Wisconsin  Ave 

Rhode  Island  Ave.  XW 
13th  St.  NW.. 
KSt.  NW 


Total. 


Type  '  of 
facility 


A-O. 


E-L. 
A-D. 
A-D. 
A-I_. 
A-L. 
A-I„. 
A-I-. 


E-L 
I.... 


A-O. 
A-D. 
E-O. 


E-D. 
A-D. 
A-T_. 
A-I_. 
A-O. 
E-O. 
A-O. 
A-I._ 
A-O. 
A-O. 


A-I.. 
E-L. 
A-I.. 
A-O. 
A-O. 
A-O. 
A-L. 
A-I.. 
A-O. 
A-O. 
A-L. 
C-D. 
\    I) 


24-hour  volume 


\  \    n;i;.v 

loi   yrai 


\    illicit  ■: 

6,742 


41,590 

69,  736 
32,  102 
16,  919 
20,  939 
13,  243 
39,  374 

85,  698 

10,  784 
22,  768 
12,  894 

4,679 

.'j,  nun 


30,  200 
51,  200 
19.  500 
B,800 
*40,  500 
24,360 
29,  500 
51,000 

23,  400 
19,670 

41,300 
36,700 
32,600 
32,  278 

27,  725 

27,  123 
26,  8 12 

24,  388 
21,  628 
20,786 
19,695 
16,  857 
15,  ills 

28,  329 


Percentage  of 
average  in — 


Maxi- 
mum 24 
hours 


Percent 
155.9 

137.D 
131.9 
140.0 

129.  0 
133.3 
142.5 
138.4 

140.7 

139.6 
124.5 

llii  6 
173.7 

166  I 

245.6 


129.7 
113.6 

122.5 
120.2 
1 19.  1 
148.4 
129.9 
122.  3 
151.1 
124.  2 

138.5 
151.8 
143.  0 
114.0 
141.6 
138.  6 
116.7 
123  l 
125.7 
1211.4 
117.6 
121.7 
115.2 

136.8 


1  Type  of  facility  code: 
E  =  Expressway. 
A  =  Arterial. 
C  =  City  Street. 


0  =  Outlying. 
I=Intermediate. 

D  =  Downtown. 


Tenth 
highest 
24  hours 


Percent 
143.7 


129. 0 
118.2 
124.1 
114.6 

122. 1 
122.5 
123.8 

124.  6 

129.9 
117.3 
122.  6 
146.2 

133.7 

212.4 


I. 'ii  1 
112.4 
118.2 
117.1 
114.0 
138.7 
118.8 
118.8 
145.4 
120.9 

115.7 
116.9 
117.6 
104.  4 
115. 6 
107.9 
110.0 
112.4 
117.1 
111.8 
103.  8 
106.9 
109.1 


122.6 


Percentage  of  average  24-hour  volume  in 
certain  hourly  volumes  during  year 


Maxi- 
mum 
hour 


I'l  I  CI   lit 

17.2 


12.6 
in  ii 
11.5 
10.4 
11.3 
13.5 
12.  9 

13.5 

15.2 
11.1 
15.  3 
15.2 

18.6 

22.5 


8.7 
11.5 
16.  6 
11.1 
11.9 
13.1 
10.  6 

9.3 
16.  6 
12.9 

9.6 
14.7 
11.3 

9.11 
12.8 
10.4 

9.1 

8.8 
10.4 
10.4 

9.  3 
10.6 
10.7 

12.4 


Tenth 

highest 

hour 


/'.  ICt  III 

15.5 


11.2 
8.9 
9.6 
9.9 
10.2 
12.3 
12.1 

11.5 

11.8 
9.8 
12.4 

13.7 

12.6 

18.8 


8.1 
11.4 
12.7 
10.6 
10.4 
11.7 
10.1 

9.2 
14.3 
10.7 

9.2 
13.0 
9.7 
8.3 
9.1 
9.7 
8.8 
8.3 
9.1 
10.2 
8.8 
9.6 
10.4 

10.9 


Twenti- 
eth 
high- 
est 1)1  nil 


Percent 
14.7 


10.7 
8.3 
9.2 
9.6 
9.8 
11.9 
11.3 


Thirti- 
eth 
high- 
est hour 


10.9 
11.3 


12.0 
13.2 


12.1 
17.8 


8.0 
11.1 
12.4 
10.2 
10.1 
11.4 
10,0 

9.0 
13.  0 
10.  5 

9.0 
12.4 
9.7 
8.1 
8.7 
9.1 
8.5 
7.9 
8.7 
9.7 
8.5 
9.4 
10.0 

10.5 


Percent 
13.8 


10.4 
8.2 
8.9 
9.5 
9.6 
11.8 
10.3 

10.7 

11.1 
9.7 
11.8 
12.8 

11.8 

10,9 


7.3 
11.0 
11.7 
10.0 

9,  0 
10.7 

9.7 

8.8 
13.6 
10.3 


12.1 

9.4 
7.9 
8.5 
9.0 
8.0 
7.7 
8.7 
9.5 
8.3 
9.1 
9.9 

10.2 


One-way. 


Fifti 

eth 

high' 

est  hour 


/',  I  CI   III 


10.1 
7.9 
8.6 
9.3 
9.4 

11.5 
9.9 

10.3 

10.6 
9.4 
11.7 
12.4 

11.3 

11.6 


6.9 
10.8 
11.0 
9.8 
9.4 
10.2 
9.4 
8.6 
13.  3 
10,  1 

8.2 
11.9 
8.8 
7.3 
7.5 
8.5 
7.2 
6.6 
8.1 
9.2 
7.9 
8.1 
8.9 

9.5 
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Peak-Hour  Traffic  in   Urban   Areas 

Though  most  of  the  foregoing  has  dealt 
with  the  conditions  on  rural  highways,  more 
and  more  facts  similar  to  those  presented  in 
table  25  are  becoming  available  for  urban 
facilities.  More  comprehensive  counts  are 
needed,  however,  before  anything  like  a  com- 
plete presentation  of  the  relationships  between 
peak  and  average-hour  volumes  can  be  made 
for  city  conditions.  The  data  in  table  25  do 
show,  nevertheless,  that  peak  hours  on  the 
average  city  facility  are  a  somewhat  lower 
percentage  of  the  annual  average  24-hour 
traffic  volume  than  is  the  case  for  rural  high- 
ways. It  should  be  noted  that  there  are 
numerous  exceptions  in  the  table  to  this 
generalization,  principally  on  those  streets  or 
highways  that  serve  suburban  or  outlying 
areas.  While  there  are  insufficient  data 
presently  available  to  permit  full  explanation 
of  this  difference  between  the  thirtieth  peak 
hour  relationship  in  downtown  and  rural 
areas,  a  fact  which  may  well  be  considered  is 
that  many  downtown  facilities  are  severely 
congested  during  hundreds  of  hours  of  the 
year.  It  is  on  this  type  of  facility  that 
traffic  counters  are  generally  installed.  Peak- 
hour  volumes  that  otherwise  might  be  re- 
corded several  times  during  the  year  are  im- 
possible of  attainment  because  the  facility  is 
incapable  of  accommodating  traffic  in  excess 
of  the  load  imposed  upon  it  almost  every  day 
during  the  hours  of  heaviest  demand.  The 
exceptionally  heavy  peak  load,  therefore, 
must  be  distributed  over  alternate  routes 
that  are  usually  more  circuitous  and  less 
desirable  in  some  other  respects  than  the 
arterial,  were  it  not  congested. 

If  proposed  urban  improvements  are  to 
provide  satisfactory  service,  the  percentage  of 
the  average  daily  traffic  used  for  the  design 
peak  hour  should  be  ascertained  by  a  study 
of  facilities  that  are  capable  of  absorbing  some 
overload  during  all  hours  of  the  year.  Arterial 
streets  of  this  kind  are  very  rare,  indeed, 
under  present-day  conditions.  Until  such  time 
as  more  comprehensive  data  become  avail- 
able, a  percentage  for  traffic  moving  in  the 
thirtieth  highest  hour  approximating  or  only 
slightly  lower  than  the  percentage  observed 
in  rural  areas  is  recommended  for  the  design 
of  urban  facilities. 


Effect  of  Directional  Distribution  of 
Traffic 

From  the  discussions  in  parts  in  and  iv  it 
will  be  recalled  that  the  capacities  of  two-  and 
three-lane  roads  must  be  in  terms  of  total 
traffic.  The  one-direction  capacity  of  these 
facilities  is  dependent  upon  the  number  of 
vehicles  approaching  from  the  opposite 
direction,  and  the  hour  of  the  day  when  the 
two-directional  movement  is  at  a  maximum 
constitutes  the  period  of  greatest  congestion. 
Hence  the  foregoing  discussion  relating  to  the 
percentage  of  the  average  daily  traffic  in  the 
thirtieth  highest  hour  has  taken  account  only 
of  the  total  traffic  moving  in  both  directions. 
On  all  multilane  facilities,  however,  and  on 
two-  and  three-lane  roads  where  improvement 


Traffic  circles  take  many  forms:  Shown  here  are  tangent  and  circular 
sections  for  Hearing.  When  traffic  circles  are  no  longer  able  to  accom- 
modate iheir  traffic  loads  the  necessary  remedi<il  measures,  such  as  an 
added  overpass  (above)  or  tunnel  (below),  may  cost  several  million 
dollars. 


to  the  multilane  type  is  contemplated, 
consideration  of  the  directional  traffic  load  may 
be  of  superior  importance.  For  example,  each 
lane  of  a  four-lane  divided  facility  may  be 
capable  of  handling  1,500  vehicles  per  hour, 
a  nominal  total  of  6,000  vehicles  per  hour. 
However,  peak-hour  traffic  flows  are  not  evenly 
balanced  by  direction  except  in  very  rare 
instances.  A  frequent  condition  on  rural 
highways,  for  example,  is  a  peak  flow  of  two- 
thirds  in  one  direction  and  one-third  in  the 
other  direction.  Consequently,  the  facility 
in  question  would  carry  only  a  total  of  4,500 
vehicles    when    the    capacity    of    the    heavy 


direction  is  completely  absorbed.  Obviously, 
more  than  four  lanes  would  be  needed  to 
accommodate  a  total  flow  of  6,000  vehicles 
per  hour  under  these  circumstances. 

As  an  aid  when  considering  the  variations  in 
traffic  flow  by  direction  on  multilane  road- 
ways, tables  26  and  27  show  the  percentage 
that  the  thirtieth  highest  hour  volume  is  of 
the  annua)  average  24-hour  traffic  volume  in 
one  and  in  both  directions  for  a  number  of 
rural  and  urban  facilities.  Of  more  signifi- 
cance than  the  actual  percentages  for  the 
few  rural  and  urban  facilities  included  in  these 
tables  is  the  relation  between  the  one-direction 
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Table  26. — Com (tn 

rison  of  variations 

in  total  ira 

fficjlou 

with  variations 

n  one  direction 

of  travel 

State 

i  ion 

Route 
No. 

Year  start  ing 

24-hour  volume 

Percentage  of  average  24-hour  volume  in  certain 
hourly  volumes  during  year 

Average 
[or  year 

Percentage  of  aver- 

!■  e  in 

Maxi- 
mum 
hour 

Tenth 

highest 
hour 

Twen- 
tieth 

highest 
hour 

Percent 
9.3 
17.3 
17.0 
19.2 
20.0 

IS.  '.1 

11.  1 
21.  7 
20.  2 

24.  0 
31.4 

25.  6 

Thirtieth 

highest 

hour 

Percent 
9.3 
16.2 
15.9 
lS.fi 
in  I 
is.  1 

10.9 
24.7 
21.7 
23.4 
29.2 
22.9 

Fiftieth 

highest 

hour 

I'rrct  nl 
8.8 
15.4 
13.6 
17.7 
16.9 
16.3 

10.3 
23.fi 
18.9 
22.0 
25.0 
20.2 

Maximum 
24  hours 

Tenth 
highest 
21  hours 

Both  directions  comiuned: 

NB  an.!  SB 
NBand  SB... 
NBand  SB... 

6  and  7.  .  

C 

2  and  3 

SB 

25 
35 
35 
1 
13 
'  41 

25 

35 
35 

2    1 
13 

I  41 

Jan.     1,  1941 

do 

do 

Mar.  31,  1939 

June    8,1941 

Jan.      8,  1938 

Jan.     1, 1941 

do 

do 

Mar  31,  1939 
June    8,  1941 
Jan.     8, 1938 

l  'chicles 
62.  250 
25,381 
22,052 
13,624 
li.  711 
5,  674 

30,  150 
11,656 
in.  766 
6,813 
3,  371 
2,817 

Percent 
143.6 
234. 3 
229  2 

292.5 
254.  2 
305  9 

159.9 
436.  3 

ISO    II 

287.  7 

II  9 
405.  6 

Percent 
131.  6 
231.  6 
211.5 
227  '' 
206.5 
220.  2 

137.  8 
315.3 
255.3 
244.  3 
235.  9 
241.8 

Percent 
11.2 
21.0 
26.  8 
25.  7 
23  8 
29.  1 

13.3 

30.0 
41.5 
29.  7 

4(1.1 
43.7 

Perci  nl 
li  6 

19.  1 
18.0 
21.2 

20.  5 
22.  2 

11.  1 
28.0 
30.  1 
25.6 

34.  <i 
30.7 

New  Jersey  (Edison  Bridge)   

Wisconsin 

One  direction: 

New  Jersey  (Edison  Bridge) 

New  Jersey  (Woodbridge) 

Connecticut 

Wisconsin 

SB 

SB 

6-WB 

C-NB 

2-WB 

i  IT  s  numbered  routes. 
2  Merritt  Parkway. 


Others  are  State  routes. 


and  two-direction  percentages.  It  will  be 
seen  that  I  here  are  but  few  cases  where  the 
percentage  of  the  average  daily  traffic  moving 
in  one  direction  during  the  thirtieth  highest 
hour  of  the  year  is  not  substantially  higher 
than  the  percentage  for  both  directions.  One 
reason  for  this,  of  course,  is  that  the  peak 
volumes  in  one  direction  do  not  always  occur 
at  the  same  time  as  the  peak  total  volumes. 
The  latter  are  more  apt  to  occur  on  multilane 
facilities  when  there  is  a  fairly  high  traffic 
movement  in  both  directions. 

As  a  practical  matter,  it  is  much  more  likely 
thai  the  engineer  would  have  information 
only  on  total  traffic  movement,  especially  for 
two-  or  three-lane,  roads.  To  illustrate  the 
manner  in  which  the  information  from  table 
27  might  be  employed,  let  it  be  assumed  that 
the  present  annual  average  daily  traffic  on  a 
two-lane  rural  road  is  4,800  vehicles  per  day 


Table  27. —  Thirtieth  highest  hour  traffic 
volume  during  the  year  as  a  percentage 
of  the  annual  average  24-hour  traffic 
volume  in  one  and  in  both  directions  on 
multilane  rural  and  urban  highways  and 
streets 


Location 

Percentage  of 
annual  average 
dailj  traffic  in 

inn  1  hih  high- 
est hour  of  year 

Both 
direc- 
tions 

One 
direc- 
tion 

Hi  i:  w.  facilities: 
Connecticut  (Merritt  Parkwaj 
New  Jersey  : 
V  s  i  near  Newark 

18.6 

9.3 
16.2 

15.9 
111.  1 
IS.  1 

10.2 

9.9 

10.9 
III   0 
9.  0 

11.6 

23.4 

In  :i 
24  7 
21.  7 
29.  2 
22.9 

22   1 

14.1 

24.9 

13.  1 
11.9 

16.0 

Edison  Bridge,  State  Route  35 
w  oodbridge  St.,  Route  35 
Delaw  are 

Wisconsin     . 

Rural  averages... 

1    en  v.    1  <    ILITIES: 

Chicago  (Pai 

New  York   (George   Washington 

Philadelphia 

Washington,  1)    i 

i'i  ban  average 

ations. 
9  locations 
3 13  locations. 

276 


and,  in  thai,  locality,  the  thirtieth  highest 
hourly  volume  of  the  year  on  roads  that  are 
not  badly  congested  is  16.2  percent  of  the 
average  daily  traffic. 

Assume  also  that  it  is  desired  to  calculate 
the  capacity  of  the  road  that  will  be  needed 
10  years  hence  when  the  estimated  traffic  for 
the  design  year,  including  the  immediate 
increase  on  the  improved  facility,  will  be  150 
percent  of  4,800  or  7,200  vehicles  per  day. 
The  thirtieth  highest  hourly  volume  will  be 
16.2  percent  of  7,200  vehicles,  or  1,166  ve- 
hicles per  hour.  This  exceeds  the  practical 
capacity  of  a  two-lane  road  even  with  tin- 
best  alinement.  Furthermore,  sight-distance 
restrictions  and  other  limitations  imposed  by 
the  terrain  might  lower  the  practical  capacity 
of  a  two-lane  road  at  this  location  to  some 
value  considerably  below  900  passenger  cars 
per  hour,  the  practical  capacity  of  a  good 
two-lane  road.  The  required  capacity  for 
one  direction  of  a  four-lane  road  would  be 
22.1  percent  (table  27)  of  3,600  vehicles,  or 
796  vehicles  per  hour.  This  same  value  may 
be  approximated  by  assuming  that  two-thirds 
of  the  thirtieth  highest  hourly  volume  of 
1,166  vehicles  will  be  traveling  in  the  one 
direction. 

Although  conditions  differ  rather  widely 
among  facilities,  it  is  usually  sound,  in  the 
absence  of  detailed  information  as  to  traffic 
volume  balances,  to  assume  that  two-thirds 
of  the  traffic  will  be  in  one  direction  during 
the  design  peak  hour  in  rural  areas  and  in 
outlying  urban  areas.  As  the  central  business 
districts  of  large  cities  are  approached,  the 
distribution  of  traffic  by  directions  usually 
becomes  more  evenly  balanced,  sometimes 
closely  approaching  a  50-50  ratio  in  the  central 
business  area. 

A  tabulation  of  traffic  by  direction  of  move- 
ment for  the  st  reels  reported  in  the  intersection 
study  shows  that  in  downtown  areas  an  aver- 
age of  55  percent  of  the  traffic  on  the  con- 
gested streets  was  moving  in  the  heavier 
direction,  and  that  for  70  percent  of  these 
streets  'nut ween  50  and  55  percent  was  in  this 
direction  of  heavier  movement.  The  average 
directional  distribution  of  traffic  on  streets  in 
intermediate   areas    was   61.6   percent   in   the 


heavier  direction  during  peak  hours  with  38.4 
percent  in  the  direction  of  lesser  movement. 
In  outlying  areas  the  distribution  was  65.6 
percent  in  the  heavier  direction  and  34.4  per- 
cent in  the  other  direction. 

Traffic  During  Various  Periods  of  the 
Day 

The  information  shown  in  table  28  will  be 
of  some  assistance  to  an  engineer  considering 
a  proposed  improvement  when  the  only  avail- 
able traffic  data  consist  of  a  few  short  counts. 
In  some  cases,  by  relating  the  available  counts 
to  the  information  shown  in  tables  22-27,  it 
will  be  possible  to  obtain  a  fairly  accurate 
estimate  of  the  practical  capacity  that  should 
be  provided  or  the  excess  capacity  available 
on  an  existing  facility.  Such  a  procedure  is 
not  recommended,  however,  and  should  not 
be  condoned  for  any  project  involving  ex- 
tensive improvements  when  it  is  still  possible 
to  obtain  complete  traffic  information  before 
preparing  final  plans  for  the  improvements. 

On  main  rural  highways,  an  average  of  74 
percent  of  the  day's  traffic  occurs  between  7 
a.  m.  and  7  p.  m.,  with  at  least  70  percent  of 
the  locations  represented  coming  within  5 
percent  of  this  value.  Local  routes  in  rural 
areas  have  a  slightly  higher  percentage  of  the 
total  day's  traffic  during  this  period  than  the 
main  routes,  whereas  most  urban  facilities 
cany  less  than  70  percent  of  their  traffic 
between  7  a.  m.  and  7  p.  m. 

Though  the  2  p.  m.  to  10  p.  m.  and  8  a.  m. 
to  4  p.  m.  periods  each  account  for  approxi- 
mately half  of  the  total  day's  traffic  on  rural 
routes,  the  2  p.  m.  to  10  p.  m.  period  is 
definitely  the  heavier  part  of  the  day  in  urban 
areas. 

The  traffic  volume  during  the  8  hours  (not 
necessarily  consecutive)  that  have  the  highest 
total  flow  is  of  special  interest  in  connection 
with  urban  problems  since  this  base  is  com- 
monly used  in  making  counts  for  traffic  signals 
and  similar  improvements.  As  an  illustration 
of  the  need  for  this  type  of  information,  the 
recently  revised  Manual  on  Uniform  Traffic 
Control  Devices  specifies  that  the  total  ve- 
hicular volume  entering  an  intersection  from 
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Table  28. — Percentage  of  traffic  during  various  periods  of  the  day 


Type  of  highway  and 
location 

Percentage  of  24-hour  volume  in  the  period  — 

6  a.  m.  to 
2  p.  m. 

2  p.  m.  to 
10  p.  m. 

10  p.  m.  to 
6  a.  m. 

8  a.  m.  to 
4  p.  m. 

7  a.  m.  to 
7  p.  m. 

Highest  8 

hours  (not 

consecutive) 

Aver- 
age 

Range 

Aver- 
age 

Range 

Aver- 
age 

Range 

Aver- 
age 

Range 

Aver- 
age 

Range 

Aver- 
age 

Range 

Rural  conditions:  ' 

Main  rural  highways 

Local  rural  routes  - 

Urban  conditions:  s 
Washington,      D.      C. 
(weekdays): 

41 
45 

40 
45 
34 

38 
49 
25 

39 

35 
38 
31 
26 
9 
37 

38-44 
41-50 

38-42 
40-56 
38-37 

34-46 
35-54 
15-35 

38-41 

49 
48 

47 
43 
52 

48 
39 
56 

48 

44 
37 
51 
46 
55 
35 

46-52 
44-50 

46-50 
39-46 
48-60 

45-49 
30-44 
48-62 

47-50 

10 

7 

13 
12 
14 

16 
12 
19 

12 

21 
25 

18 
28 
36 
18 

8-13 
5-  9 

10-15 
9-15 
11-17 

12-21 
9-16 
13-26 

11-14 

49 
52 

41 
44 
38 

44 
55 
33 

40 

40 
41 
39 
32 
14 
54 

44-55 
50-58 

36-47 
37-51 
32^3 

38^9 
49-60 
21-45 

38-42 

74 
78 

70 
70 
69 

68 
74 
64 

70 

62 
59 
65 
50 
32 
71 

71 
67 
64 

69-79 
75-82 

65-74 
64-76 
63-73 

61-72 
67-79 
55-72 

67-72 

57 
59 

52 
53 
53 

55 
58 
58 

54 

49 
49 
55 
52 
72 
54 

53-60 
53-65 

49-60 
50-62 
48-60 

50-61 
52-63 
50-65 

53-55 

Out-bound..  . 

Chicago    Parkways 
(weekdays) : 

8  locations. 

In-bound 

Out-bound 

Detroit,  Mich.:  3  Ioea- 

E  elaware  River  Bridge: 
Maximum  weekday.. 

To  Philadelphia 

To  Camden 

Maximum  Sunday 

To  Philadelphia 

To  Camden 

New  York  City  bridges 
and  tunnels: 

Weekdays 

Saturdays 

Sundays 

1  Range  includes  the  averages  for  at  least  70  percent  of  the  locations 

2  Range  includes  the  averages  for  all  locations. 


of  the  traffic  on  each  highway  will  be  moving 
in  one  direction  during  the  peak  hours,  the 
total  traffic  through  an  intersection  with  one 
approach  on  each  road  loaded  to  its  possible 
capacity  will  be  as  shown  in  table  30.  With 
proper  signal  timing,  the  total  intersection 
volume  will  be  independent  of  the  distribution 
of  traffic  between  the  two  roads. 

It  is  therefore  apparent  that  the  traffic  vol- 
ume at  the  intersection  of  two  two-lane  rural 
roads  or  at  the  intersection  of  two  40-foot  city 
streets  with  parking  must  approach  and  in 
some  cases  exceed  the  possible  capacities  of 
the  average  intersection  of  the  same  type 
with  traffic  signals  before  the  traffic  volume 
warrants  alone  would  justify  the  installation 
of  traffic  signals.  It  is  also  apparent  that 
fixed-time  signals  on  two-lane  rural  highways 
cannot  be  justified  by  the  traffic  volume 
warrant  until  the  volume  of  traffic  on  such 
roads  at  times  exceeds  their  practical  capaci- 
ties, especially  when  one  of  the  intersecting 
roads  carries  about  75  percent  of  the  total 
traffic  at  the  intersection.  These  are  im- 
portant considerations  in  view  of  the  part  that 
traffic  signals  play  in  increasing  the  capacity 
of  intersections  at  grade  by  helping  to 
eliminate  confusion  and  serious  accidents. 


all  approaches  must  average  at  least  750 
vehicles  per  hour  for  any  8  hours  of  an  average 
day  before  the  vehicular  volume  alone  will 

Table  29. — Annual  average  24-hour  volume 
and  corresponding  peak  hourly  volumes 
warranting  a  traffic  signal,  as  based  on 
Nation-wide  traffic  pattern  and  traffic- 
signal  warrant  from  the  Manual  on  Uni- 
form Traffic  Control  Devices 


Total  traffic  vol- 
ume from  all  ap- 
proaches at — 

Urban 
inter- 
section 

Rural 
inter- 
section 

Annual  average  24-hour  volume. .. 
Peak  hourly  volumes: 
Highest  hour  ... 

11,300 

1,402 
1,232 
1,152 
1,074 

7,000 

1,744 

1,246 

1,072 

988 

Tenth  highest  hour 

Thirtieth  highest  hour . 

Fiftieth  highest  hour 

warrant  a  fixed-time  signal  in  an  urban  area. 
For  rural  areas,  the  corresponding  criterion  is 
500  vehicles  per  hour. 

Table  28  shows  that  57  percent  of  the  day's 
traffic  on  main  rural  highways  and  about  53 
percent  of  the  day's  traffic  at  urban  locations 
occur  during  the  highest  8  hours  of  the  average 
day.  A  fixed-time  traffic  signal,  therefore, 
would  not  be  warranted  by  the  traffic  volume 
alone  unless  the  average  annual  volume  from 
all  approaches  to  the  intersection  exceeded 
11,300  vehicles  per  day  at  an  urban  location, 
or  7,000  vehicles  per  day  at  a  rural  location. 

Based  on  the  average  yearly  traffic  patterns 
for  rural  roads  and  urban  facilities,  as  shown 
by  tables  22  and  24,  these  annual  volumes 
correspond  to  '  the  peak  hourly  volumes 
shown  in  table  29. 

Based  on  the  results  of  the  intersection 
studies  included  in  part  v  of  this  report,  and 
assuming  the  usual  condition  that  two-thirds 


Table  30. —  Total  hourly  volume  through 
intersections  of  various  types  when  one 
approach  on  each  of  the  intersecting 
roads  is  operating  at  its  possible  capacity 


Total  hourly  in- 

tersection volume 

with  one  approach 

on  each  road  oper- 

ating at  its  pos- 

sible   capacity, 

Type  of  intersection 

based  on — 

Possible 

eapacll  v 

of  aver- 

Highest 

age  in- 

capaci- 

ter sec- 

ties ob- 

tion of 

served 

the  same 

type 

Two  two-lane  rural  roads ... 

1,500 

1,800 

Two    40-foot    city    streets,   with 

parking . 

1,125 

1,800 

Two  40-foot  city  streets,   without 

parking 

2,140 

3,750 
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The  Financing  of  Highways  by  Counties  and  Local   Rural 
Governments,  1931-1941 

The  results  of  en  extensive  long-term  study  by  the  Bureau  of  Public  Roads  are 
reported  in  a  new  publication,  The  Financing  of  Highways  by  Counties  and  Local 
Rural  Governments,  1931-1941.  The  report  presents  a  discussion,  and  detailed 
statistical  data,  concerning  the  financing  of  highways  by  county  and  local  rural 
governments  during  the  1 1  -year  period.  Included  is  information  for  each  year, 
by  States,  on  county  and  local  receipts,  expenditures,  and  debt  for  rural  high- 
ways, which  has  long  been  in  demand  but  never  available  heretofore. 

The  publication  was  made  possible  by  the  collection  of  the  basic  data  through 
the  intensive  effort  of  the  State  highway  departments,  the  county  end  local 
governments,  and  the  field  offices  of  the  Bureau  of  Public  Roads,-  and  the  analysis 
and  presentation  were  the  work  of  the  Financial  and  Administrative  Research 
Branch,  Bureau  of  Public  Roads. 

The  publication  is  for  sale,  at  45  cents  a  copy,  by  the  Superintendent  of 
Documents,  U.  S.  Government  Printing  Office,  Washington  25,  D.  C,  to  whom 
all  orders  should  be  sent.  Prepayment  is  required.  The  Burecu  of  Public  Roads 
cannot  undertake  free  distribution  of  the  publication. 


Bibliography  on  Roadside  Control 

The  Bureau  of  Public  Roads  has  recently  issued  a  processed  publication, 
Bibliography  on  Roadside  Control,  in  which  are  included  a  general  reference 
section  on  the  title  subject  and  special  sections  on  outdoor  advertising,  set-back 
regulations,  and  roadside  zoning.  The  listings  are  arranged  by  States,  and 
chronologically  beginning  with  1930.  A  brief  digest  of  the  cited  reference 
accompanies  each  listing. 

The  bibliography  is  intended  to  serve  as  an  aid  to  highway  planners  and 
administrators  in  their  activities  dealing  with  the  problem  of  roadside  control. 
It  was  compiled  by  the  Land  Studies  Section,  Financial  and  Administrative 
Research  Branch  of  the  Bureau. 

The  publication  is  available  to  highway  engineers  and  administrators  for 
official  use,  and  may  be  ob'ained  by  those  so  qualified  by  writing  to  the  Bureau 
of  Public  Roads,  Washington  25,  D.  C. 
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East  of  the  Rockies,  about  one-third  of  the  commercial  vehicles  (exclusive 
of  light  trucks)  are  three-  ami  four-axle  tractor-truck  semitrailer  combi- 
mitions.  They  carry  two-thirds  of  the  tonnage  hauled,  and  are  responsi- 
ble for  almost  all  of  the  heavy  axle  loads. 


IN  the  period  beginning  toward  the  close  of 
World  War  I,  much  was  said  about  the 
damage  being  done  to  improved  highways  by 
the  heavily  laden  trucks  that  were  then  com- 
ing into  general  use.  For  example,  in  the 
First  Biennial  Report  of  the  California  High- 
way Commission,  issued  in  1918,  we  find  this 
statement: 

"The  present  State  highways  are 
being  subjected  to  constant  abuse  by 
too  heavily  loaded  trucks  and  other 
agencies.  The  statute  books  of 
California  already  contain  sufficient 
legislation  to  regulate  and  penalize 
these  violations,  but  the  delinquency 
lies  in  the  enforcement  of  these  laws." 

However,  a  survey  made  in  California  -  in 
1920  did  not  reveal  any  loads  that  we  would 
regard  as  heavy  today.  Of  a  total  of  219 
motortrucks  weighed  at  five  locations,  there 
were  only  33  with  a  capacity  of  3  tons  or 
more,  and  the  average  gross  weight  of  these 
was  14,640  pounds.  The  average  rear  axle 
weight  was  only  9,889  pounds,  but  the  load 
was  generally  on  solid  tires,  which  were  more 
damaging  to  the  highway  than  are  the  pneu- 
matic tires  of  today. 

In  surveys  made  in  Vermont,3  New  Hamp- 


1  This  paper  was  presented  at  the  twenty-ninth  annual 
meeting  of  the  Highway  Research  Board  in  Washington, 
D.  C,  December  16,  1949. 

-Report  of  a  Study  of  the  California  Highway  System,  by 
the  U.  S.  Bureau  of  Public  Roads,  to  the  California  Highway 
Commission  and  Highway  Engineer;  1920. 

3  Report  of  a  Survey  of  Transportation  on  the  State  Highway t 
of  I'ermont,  by  the  Bureau  of  Public  Roads,  U.  S.  Depart- 
ment of  Agriculture,  and  the  Vermont  State  Highway 
Department,  1927. 


shire,4  and  Ohio,5  in  1926  and  1927,  no  gross 
weights  were  found  as  great  as  25,000  pounds, 
and  no  axle  loads  as  great  as  18,000  pounds. 

1  Report  of  a  Survey  of  Transportation  on  the  State  Highways 
of  New  Hampshire,  by  the  Bureau  of  Public  Roads,  U.  S. 
Department  of  Agriculture,  and  the  New  Hampshire  State 
Highway  Department,  1927. 

5  Report  of  a  Survey  of  Transportation  on  the  Slate  Highway 
System  of  Ohio,  by  the  Bureau  of  Public  Roads,  U.  S.  De- 
partment of  Agriculture,  and  the  Ohio  Department  of 
Highways  and  Public  Works,  1927. 


In  a  1926  survey  in  Connecticut,6  however, 
almost  1  percent  of  the  82,738  trucks  observed 
weighed  over  25,000  pounds  gross,  and  they 
were  so  loaded  that  the  average  rear  axle 
weight  was  18,500  pounds.  There  was  one 
gross  load  of  30,400  pounds  with  a  rear  axle 
weight  of  25,500  pounds. 

A  survey  in  Cook  County,  111.,7  (adjacent 
to  the  city  of  Chicago)  in  1925,  revealed  some 
surprisingly  heavy  axle  loads.  At  5  of  the 
17  stations  operated,  rear  axles  weighing 
17,500  pounds  or  more  were  found  on  from 
2  to  14  percent  of  the  loaded  vehicles.  There 
were  several  axle  loads  over  30,000  pounds 
and  one  as  high  as  36,000  pounds  and  these 
loads  were  principally  on  solid  tires.  In  the 
majority  of  these  cases  the  load  was  brick  or 
cement.  Figure  1  shows  a  heavy  truck  used 
at  that  time. 


6  Report  of  a  Survey  of  Transportation  on  the  Stale  Highway 
System  of  Connecticut,  by  the  Bureau  of  Public  Roads,  U.  S. 
Department  of  Agriculture,  and  the  Connecticut  State 
Highway  Department,  1926. 

7  Report  of  a  Study  of  Highway  Traffic  and  the  Highway 
System  of  Cook  County,  Illinois,  by  the  U.  S.  Bureau  of 
Public  Roads  and  the  Cook  County  Highway  Department, 
1925. 


Some  30  years  ago  there  was  great  concern  about  the  damage  being  done  to 
improved  highways  by  what  were  then  considered  as  heavily  laden  trucks. 
With  the  replacement  of  solid  rubber  by  pneumatic  tires,  the  introduction  of 
legal  limitation  of  sizes  and  weights  of  vehicles,  resulting  in  wider  use  of 
vehicle  combinations  ivith  multiple  axles,  ami  the  construction  of  thicker 
pavements  in  the  great  road-building  era  beginning  in  the  1920,s,  the  earlier 
concern  was  forgotten.  By  1931  the  loads  carried  on  the  highways  were 
rarely  heavy  enough  to  overtax  their  structural  capacity. 

The  State-wide  highway  planning  surveys  provided  the  first  Nation-wide 
data  on  frequency  of  heavy  loads  for  the  1936—37  period,  and  have  annually 
collected  such  data  beginning  in  1942.  The  information,  presented  in  this 
article,  shows  how  rapidly  the  frequencies  of  heavy  loads  have  increased  in 
recent  years.  In  the  1936-37  period,  gross  loads  of  40,000  pounds  or  more 
amounted  to  only  about  1  percent  of  the  total  number  of  commercial  vehicles 
on  the  highways.  By  1942  this  frequency  had  tripled,  and  by  1948  had  again 
doubled.  Frequency  of  heavy  axle  loads  shotvs  a  similar  rise.  But,  since 
the  number  of  trucks  has  also  increased  greatly,  the  total  number  of  heavy 
axle  loads  found  on  the  highways  in  1948  was  eighteen  times  the  number  in 
the  1936—37  period,  and  the  rate  of  increase  appears  to  be  accelerating  rapidly. 

A  study  of  heavy  load  frequencies  by  regions  indicates  that  the  most  favor- 
able situation  exists  in  the  W'estern  regions,  where  legal  limitation  of  50  feet 
or  more  in  length  permits  advantageous  distribution  of  heavy  loads  on  vehicle 
combinations  with  five  or  more  axles.  In  the  remainder  of  the  country, 
where  the  length  is  limited  to  45  feet  in  most  States,  vehicles  with  more  than 
four  axles  are  little  used,  and  three-  and  four-axle  combinations  carry  the 
bulk  of  the  highway  tonnage.  It  is  these  two  types  tlvat  have  the  highest 
frequency  of  heavy  axle  loads. 

Legal  limitation  of  axle  loads,  with  effective  enforcement,  seems  to  be  the 
only  way  our  pavements  can  be  protected.  Somewhat  less-stringent,  length 
limits  would  encourage  wider  use  of  vehicle  combinations  that  spread  the 
load  over  a  sufficient  number  of  axles,  thus  permitting  reasonable  increases 
in  pay  loads 
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Figure  1. — A  typical  heavy  truck  cii 


1920. 


It  seems  probable  that  the  stations  in  the 
Cook  County  survey  were  so  located  as  to 
intercept  exceptionally  heavy  hauling,  for  Mr. 
Frank  T.  Sheets,  Chief  Highway  Engineer  for 
Illinois,  said  in  February  1926  that  the  per- 
centage of  trucks  around  Chicago  which 
exceeded  the  legal  axle-load  limit  of  16,000 
pounds  was  smaM.8  Certainly  there  is  no 
evidence  that  heavy  loads  comparable  to  those 
weighed  in  Cook  County  were  to  be  found  in 
appreciable  numbers  outside  the  Chicago  area. 

Regulation  of  Sizes  and  Weights 

Laws  governing  the  sizes  and  weights  of 
motor  vehicles  were  in  effect  in  most  States  at 
that  time.  Fifteen  States  passed  such  laws 
prior  to  1919,  and  by  1927  all  of  the  States 
except  Kansas  and  Montana  had  legal  limita- 
tions on  sizes  and  weights.9  Kansas  passed 
its  first  limitation  act  in  1929  and  Montana  in 
1931.  In  most  States  the  laws  have  been 
changed  many  times  since  they  were  first 
enacted,  but  the  weight  limits  have  remained 
largely  within  the  ranges  of  8,000-9,500 
pounds   per  wheel   for  States  limiting  wheel 

8  Traffic  control  and  the  regulation  of  overloading  of  motor- 
trucks, by  Frank  T.  Sheets;  Proceedings  of  the  Twelfth 
Annual  Conference  of  Highway  Engineering,  University  of 
Michigan,  1926,  p.  85. 

8  Federal  Regulation  of  the  Sizes  and  Weight  of  Motor  Vehi- 
cles, report  of  the  Interstate  Commerce  Commission,  Aug. 
14,  1941.    House  Doc.  No.  354,  77th  Cong.,  1st  Sess.,  pp.  63-66. 


loads  and  16,000-22,400  pounds  per  axle  for 
States  limiting  axle  loads.  The  cumulative 
effect  of  these  laws  over  the  years  has  been  to 
promote  increasingly  wider  use  of  vehicle 
combinations  with  the  load  spread  over  a 
number  of  axles. 

In  addition  to  limiting  weights,  fees  were 
increased  for  vehicles  with  solid  tires,  thus 
hastening  the  change-over  to  pneumatics  and 
lessening  road  damage — for  it  was  the  impact 
of  solid  tires  on  the  macadam  roads  and  on 
the  narrow  concrete  pavements  with  relatively 
thin  edges  prevailing  at  that  time  that  was 
principally  responsible  for  the  damage  during 
the  first  World  War  and  in  the  years  immedi- 
ately following.10  Many  of  the  early  concrete 
roads  had  uniform  slab  thicknesses  of  only  6 
inches  or  even  4  inches.  Following  the  Bates 
Road  Test  in  1921,  thickened  edges  of  7 
inches,  8  inches,  and  9  inches  became  preva- 
lent. More  recently,  slabs  of  uniform  thick- 
ness of  8  inches  and  9  inches  have  been  con- 
structed by  many  States;  "  and  several  States, 

10  The  highways  of  the  country  and  the  burden  they  must  carry, 
a  symposium  of  eight  articles;  Public  Roads,  vol.  1,  No.  2, 
June  1918. 

11  Design  details  of  structural  features  of  concrete  pavements  as 
practiced  by  the  various  State  highway  departments  in  1946,  by 
T.  J.  Kauer;  Report  of  Committee  on  Concrete^Pavemenf 
Design,  American  Road  Builders'  Association  Technical 
Bulletiu  No.  121, 1947;  pp.  48-49.  Also,  Comments  on  concrete 
road  design,  Engineering-News  Record,  Nov.  15,  1934;  pp. 
618-619. 


including  New  Jersey,  where  heavy  axle  loads 
are  particularly  frequent,  have  used  a  10-inch 
uniform  thickness. 

Thus,  the  problem  of  heavy  loads  was 
attacked  from  three  angles:  legal  limitation, 
vehicle  design,  and  pavement  design.  By 
1931  the  loads  carried  on  the  highways  were 
rarely  heavy  enough  to  overtax  their  struc- 
tural capacity,  and  Commissioner  Mac- 
Donald  made  the  following  statement  (which 
has  been  quoted  recently  by  those  interested 
in  obtaining  higher  axle-load  limits):  "The 
roads  are  more  destroyed  really  by  climatic 
and  soil  conditions  than  they  are  by  any  use 
that  is  made  of  them."  How  greatly  heavy 
axle-load  frequencies  of  today  exceed  those 
prevailing  at  the  time  that  statement  was 
made  will  be  shown  in  the  data  presented  in 
this  paper. 


First   Comprehensive  Data   Obtained 
in  1936-37 

Our  present  large  investment  in  roadway 
pavements  makes  it  impracticable  for  us  to 
provide  for  greater  loads  by  increasing  pave- 
ment thicknesses  on  any  but  a  small  fraction 
of  our  improved  road  mileage.  There  remain 
then  only  vehicle  regulation  and  vehicle  design 
as  effective  means  of  protecting  our  roadway 
plant  from  excessive  loads. 

The  State-wide  highway  planning  surveys, 
which  were  started  in  1935,  gave  for  the  first 
time  Nation-wide  comprehensive  data  from 
which  accurate  determination  could  be  made 
of  the  frequency  of  occurrence  of  heavy  gross 
loads  and  heavy  axle  loads  on  our  highways.12 
Nearly  all  of  the  States  conducted  truck- 
weighing  operations  in  1936  or  1937,  although 
a  few  did  not  do  so  until  a  year  or  two  later. 

Figure  2  shows  the  situation  at  that  time 
with  regard  to  heavy  gross  loads.  The 
heights  of  the  bars  indicate  the  number  of 
gross  loads  of  40,000  pounds  or  more  per  1,000 
commercial  vehicles  on  the  highways,  in- 
eluding  both  loaded  and  empties,  in  each  of 
the  census  regions.  In  the  Pacific  region,  47 
out  of  each  1 ,000  vehicles  passing  the  weighing 
stations  had  a  gross  load  of  40,000  pounds  or 
more.  In  the  remainder  of  the  United  States, 
loads  as  heavy  as  40,000  pounds  were  com- 
paratively infrequent  and  amounted  to  more 
than  10  per  1,000  vehicles,  or  1  percent,  in 
only  three  regions — the  Middle  Atlantic,  the 
New  England,  and  the  East  North  Central. 

>2  Amount  and  characteristics  of  trucking  on  rural  roads,  by 
J.  T.  Lynch  and  T.  B.  Dimmick;  Public  Roads,  vol.  23,  No. 
9,  July-Aug.-Sept.  1943. 
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Ugure  2.— Frequency  of  gross  loads  of  40,000  pounds  or  more,  per 
1,000  vehicles,  by  regions,  in  1936-37. 
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Figure  3. — Frequency  of  axle  loads  of  20,000  pounds  or  more,  per 
1,000  vehicles,  by  regions,  in  1936—37. 
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Figure  4. — Frequency  of  gross  loads  of  40,000  pounds  or   more,  per 
1,000  vehicles,  by  years. 
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Figure  5. — Frequency  of  axle  loads  of  20,000  pounds  or    more,  per 
1,000  vehicles,  by  years. 


Figure  3  shows  the  frequency  of  occur- 
rence of  heavy  axle  loads  of  20,000  pounds  or 
more  in  the  different  regions  at  the  time  of 
the  1936-37  surveys.  Only  in  the  New 
England  and  Middle  Atlantic  regions  were 
axle  loads  as  great  as  20,000  pounds  found  in 
appreciable  numbers — the  frequency  of  axle 
loads  of  this  magnitude  in  these  two  regions 
being  approximately  20  for  each  1,000  com- 
mercial vehicles,  loaded  and  empty. 

Following  the  original  collection  of  weight- 
data  by  the  highway  planning  surveys  in  the 
1936-37  period,  only  fragmentary  data  con- 
cerning truck  weights  were  obtained  until 
1942,  when  the  increased  loading  because  of 
World  War  II  activities  began  to  cause  some 
concern.  In  that  year  and  in  each  year  since 
then  data  which  give  a  clear  indication  of 
trends  have  been  obtained  at  a  number  of 
representative  stations,  operated  for  8  hours 
in  the  summer  in  practically  all  of  the  States. 
The  number  of  trucks  weighed  each  year  in 
these  repeat  surveys  has  ranged  from  about 
50,000  to  over  100,000. 

Increase  in  Frequency  of  Heavy  Gross 
Loads  and  Heavy  Axle  Loads 

Figure  4  shows  the  steady  increase  in  fre- 
quency of  heavy  gross  loads  since  the  1936-37 
surveys.  In  1942,  the  first  year  of  the  war, 
gross  loads  of  40,000  pounds  or  more  were 
about  three  times  as  frequent  as  in  the  pre- 
war period.  At  the  close  of  the  war  the 
frequency  of  gross  loads  did  not  decline 
(except  slightly  in  1947)  but  continued  to 
increase,  so  that  in  1948  gross  loads  of  40,000 
pounds  or  more  were  more  than  twice  as 
frequent  as  in  1942,  and  seven  times  as 
frequent  as  in  the  1936-37  period. 

The  long-range  tendency  over  the  years  has 
been  to  spread  the  load  over  more  axles,  thus 
permitting  large  increases  in  gross  loads  with- 
out corresponding  increases  in  axle  loads.  At 
the  time  of  the  early  surveys  (1926-27),  men- 
tioned in  the  first  part  of  this  paper,  only 
two-axle  vehicles  were  in  general  use.  Gross 
load  was  only  from  one-fourth  to  one-half 
greater  than  the  maximum  axle  load.  In  the 
recent  surveys,  on  the  other  hand,  it  has  been 
found  that  the  gross  load  averaged  about 
twice  the  maximum  axle  load  for  vehicles  of 
all  types,  and  nearly  three  times  the  maximum 
axle  load  for  combinations,  which  are  the 
vehicles' carrying  the  heaviest  loads. 

It  naturally  follows  that  the  frequency  of 
heavy   gross  loads  has  increased  faster  than 


the  frequency  of  heavy  axle  loads,  over  the 
years.  Since  1945,  however,  this  tendency 
has  been  reversed,  and  heavy  axle  loads  are 
increasing  in  frequency  faster  than  heavy 
gross  loads.  For  each  1,000  vehicles  passing 
over  the  highways  there  were,  in  1945,  5.3 
times  the  number  of  gross  loads  of  40,000 
pounds  or  more  than  there  were  in  the  1936-37 


period  (fig.  4),  compared  to  4.6  times  the 
number  of  axle  loads  of  20.000  pounds  or  more 
found  in  the  earlier  period  (fig.  5).  In  the 
3  years  from  1945  to  1948,  however,  the  heavy 
axle-load  frequency  increased  91  percent, 
compared  to  an  increase  of  only  32  percent 
for  the  heavy  gross  load  frequency.  The 
reason   for   this    reversal    can    most   likely   be 


A  1924-vintage  tractor-semitrailer,  probably  one  of  the  earliest  of  this   type.      I\ote   the 

center  tvheels  on  the  rear  axle. 


A  dual-tire,  three-axle  truck. 
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Figure  6. — ReUitive  total  number  of  axle  loads  of  20,000  pounds  or  more, 
1942-48,  using  the  number  in  1936-37  as  an  index  of  100. 


found  in  legal  length  limitations,  in  effeel 
over  much  of  the  country,  which  effectively 
discourage  the  use  of  vehicles  with  five  or 
more  axles.  While,  in  earlier  years,  the 
increased  gross  loads  were  spread  over  an 
increasing  number  of  axles,  this  tendency  lias 
been  stopped  at  four  axles  in  many  Slates 
and  increases  in  gross  loads  can  now  only  be 
accomplished  by  increases  in  axle  loads. 

In  1948,  the  number  of  axle  loads  of  20,000 
pounds  or  more  in  each  1,000  vehicles  passing 
over  the  highways  was  approximately  9  times 
the  number  in  the  1936-37  period.  This  tells 
only  part  of  the  story,  however,  because  the 
number  of  trucks  on  the  highways  almost 
doubled  during  this  time.  Figure  6  compares 
the  relative  number  of  axle  loads  of  20,000 
pounds  or  more  found  on  the  highways  each 
year  from  1942  to  1948  with  the  number 
found  in  the  1936-37  period  used  as  an  index 
of  100.  In  1948,  our  highways  were  being 
subjected  to  approximately  18  times  as  manj 
axle  loads  of  20,000  pounds  or  more  as  they 
were  in  1936-37.  It  is  plain,  therefore,  that 
Mr.  MacDonald's  statement  made  in  1931 
does  not  apply  to  the  conditions  we  find 
today.  The  alarming  thing  about  the  picture 
presented  in  figure  6  is  that  the  rate  of  increase 
of  the  absolute  number  of  heavy  axle  loads 


appears  to  be  accelerating  rapidly.  In  the 
2-year  period  from  1946  to  1948,  the  number 
of  axle  loads  in  excess  of  20,000  pounds  more 
than  doubled,  which  is  a  greater  rate  of  in- 
crease than  was  found  in  any  previous  2-year 
period. 


Regional    Variation  in  Frequency  of 
Heavy  Loads 

Figure  7  shows  the  frequency  of  gross  loads 
of  40,000  pounds  or  more  in  1948,  by  regions. 
The  Pacific  region  still  had  the  highest  fre- 
quency of  loads  of  this  magnitude,  but  the 
use  of  heavy  vehicles  in  the  East  North  Cen- 
tral and  Middle  Atlantic  regions  had  increased 
to  such  an  extent  that  the  frequency  of  occur- 
rence of  gross  loads  of  40,000  pounds  or  more 
was  greater  than  100  in  each  1,000  vehicles — 
not  much  below  the  frequency  of  127  per 
1,000  vehicles  in  the  Pacific  region. 

Figure  8  shows  the  frequency  of  heavy  axle 
loads  in  1948,  by  regions.  Data  from  all  of 
the  States  except  Pennsylvania,  Florida, 
Wyoming,  and  Oregon  are  included.  The 
Middle  Atlantic  region  had  by  far  the  greatest 
frequency,  there  being  in  this  region  153  axle 
loads  weighing  20,000  pounds  or  more  for 
each  1,000  trucks  or  truck  combinations  of  all 
types  (including  panels  and  pick-ups),  both 
loaded  and  empty.  Since  Pennsylvania  data 
are  missing  for  1948,  the  height  of  the  bar  for 
the  Middle  Atlantic  region  actually  reflects 
conditions    in    New    York    and    New    Jersey. 


A  three-axle  traitor-semitrailer  combination. 
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Figure  7 .—Frequency  of  gross  loads  of  40,000  pounds  or  more, 
per  1.000  vehicles,  by  regions,  in  1948. 
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Figure  8. — Frequency  of  axle  loads  of  20,000  pounds  or  more,  per 
1,000  vehicles,  by  regions,  in  1948. 
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The  laws  in  these  States,  as  well  as  in  several 
other  Eastern  States,  have  the  effect  of  en- 
couraging heavy  axle  loads. 

New  England,  with  about  69  axle  loads  of 
20,000  pounds  or  more  for  each  1,000  vehicles, 
had  the  second  highest  frequency.  It  will 
be  noted  that  the  Pacific  region,  which  had 
the  greatest  frequency  of  heavy  gross  loads 
(fig.  7),  had  the  lowest  frequency  of  heavy 
axle  loads,  there  being  only  7  axle  loads  as 
great  as  20,000  pounds  for  each  1,000  vehicles 
observed  in  this  region. 

Figure  9  shows  the  frequency  of  heavy  axle 
loads  in  the  10  States  in  which  axle  loads  of 
20,000  pounds  or  more  occurred  more  fre- 
quently than  50  per  1,000  vehicles,  arranged 
in  order  of  frequency  of  occurrence.  New 
Jersey,  with  239  axle  loads  of  20,000  pounds 
or  more,  of  which  165  weighed  22,000  pounds 
or  more,  in  each  1,000  commercial  vehicles, 
had  the  greatest  frequency.  There  is  no 
specific  axle-load  limit  in  New  Jersey,  the 
weight  permitted  on  an  axle  being  determined 
by  the  size  and  number  of  tires.  Evidently 
the  tire  criterion  does  not  serve  to  limit  axle 
loads  greatly,  since  a  number  of  axle  loads 
exceeding  30,000  pounds  were  recorded  in  the 
survey,  and  there  was  one  axle  load  of  40,100 
pounds. 


A  four-axle  auto  transporter. 


The  nine  States  having  the  greatest  fre- 
quency of  heavy  axle  loads  are  all  along  the 
Atlantic  seaboard.  The  tenth  State,  Ohio, 
with  an  18,000-pound  axle  load  limit,  had  58 
axle  loads  in  excess  of  20,000  pounds  for  each 
1,000  vehicles  observed. 


STATE 
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Figure  9. — Frequency  of  axle  loads  of  20.000  pounds  or  more  and  of  22.000 
pounds  or  more,  per  1,000  vehicles,  in  the  10  States  with  highest  fre- 
quencies, in  1918. 


Frequency  of  Heavy  Axle  Loads  De- 
pendent on  Types  of  Vehicles  Used 

The  frequency  of  occurrence  of  heavy  axle 
loads  in  the  different  States  is  dependent  upon 
the  types  of  vehicles  used,  as  well  as  upon  the 
legal  axle  load  limitation.  The  usage  of  the 
different  vehicle  types,  in  turn,  is  dependent 
to  a  considerable  extent  upon  the  legal  length 
and  other  limitations.  The  legal  limitations 
affecting  axle  loads  and  vehicle  lengths  vary 
throughout  the  country  but  are  fairly  uniform 
in  the  Mountain  and  Pacific  regions.  In  these 
regions  there  is  an  axle  load  limit  of  18,000 
pounds  throughout  and  no  State  has  a  legal 
length  limit  for  tractor-truck  and  semitrailer 
combinations  of  less  than  50  feet.  The  50-foot 
limit  applies  in  Oregon,  and  all  of  the  other 
States  in  the  two  regions  permit  lengths  of 
60  feet  or  more.  Throughout  the  remainder 
of  the  country  most  of  the  States  have  length 
limits  of  45  feet  for  tractor-truck  and  semi- 
trailer combinations,  and  this  limit  has  a 
definite  bearing  on  the  type  of  vehicle  used. 

Figure  10  shows  the  frequency  distribution 
of  vehicles  of  different  types  for  the  Mountain 
and  Pacific  regions  combined,  and  for  the  re- 
mainder of  the  United  States.  Panels  and 
pick-ups  and  other  light,  two-axle,  single-tire 
trucks  of  similar  character  are  excluded  from 


A  four-axle    combination    I'ehicle,    tridely    used    throughout 

United  States. 


the       A  five-axle  combination   vehicle,  popular   in   the   western  part  of 

the  country. 
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tribution.  lh(' 

country  the  two-axle,  dual-1  msti- 

one-half  of  I  lie  total,  and 
in  the  Mountain  and  Pacific  regions  the  re- 
maining  vehicles  are  rather  evenly  distributed 
among  a  number  of  differenl  ivith  the 

five-axle  ruck  and  semitrailer  combi- 

-,,.i  predominating.  In  the  Central  and 
Eastern  regions  the  number  of  vehicles  with 
more  than  four  axles  is  minute  and  the  three- 
axle  tractor-truck  semitrailer  combination 
type  constitutes  almost  one-third  of  the  total. 
Although  the  dual-tire,  two-axle,  single-unit 
truck  is  most  frequent  n  occurrence,  it  doe-. 
not  carry  I  he  greatest  pay-load  tonnage.  This 
is  shown  in  figure  11,  which  gives  the  percent- 
age of  the  total  pay-load  tonnage  hauled  by 
vehicles  of  different  types.  In  the  Mountain 
and  Pacific  regions  the  five-axle  tractor-truck 
and  semitrailer  combination  carries  a  higher 
percentage  of  the  pay-load  tonnage  than  any 
other  type  of  vehicle,  whereas  in  the  remainder 


A  six-axle  tractor-semi  trailer  combination. 
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of  the  United  States  it  is  the  three-axle  tractor- 
truck  and  semitrailer  combination  which  car- 
ries the  bulk  of  the  tonnage. 

Figure  12  shows  the  average  gross  load  and 
the  average  pay  load  for  vehicles  of  different 
types,  for  the  United  States  as  a  whole.  The 
five-axle  tractor-truck  and  semitrailer  combi- 
nation has  a  slightly  higher  average  pay  load 
than  any  other  type  of  vehicle,  although  the 
group  of  tractor-truck  and  full  trailer  combi- 
nations with  six  or  more  axles  has  the  highest 
gross  load. 

Figure  13  shows  the  frequency  of  heavy  axle 
loads  for  the  vehicles  of  different  types.  Since 
there  arc  significant  differences  between  the 
Eastern  and  Central  regions  as  regards  fre- 
quency of  heavy  axle  loads,  largely  because  of 
differences  in  State  laws,  these  groups  of  re- 
gions, as  well  as  the  Western  group,  are  shown 
separately  in  this  chart. 

In  all  the  regions  it  is  the  four-axle  tractor- 
truck  and  semitrailer  combination  that  has 
the  greatest  frequency  of  heavy  axle  loads. 
In  the  Eastern  regions  almost  half  of  these 
vehicles,  including  both  loaded  and  empties, 
have  an  axle  load  weighing  20,000  pounds  or 
more,  whereas  in  the  Western  regions  less  than 
10  percent  of  them  have  axle  loads  of  this  magni- 
tude. Almost  invariably  it  is  the  rear  axle  of 
the  tractor  that  has  the  heaviest  load.  It  is 
easy  to  see  why  this  should  be  so,  because  any 
uniform  loading  would  tend  to  overload  this 
axle  unless  the  dual  axles  at  the  rear  of  the 
semitrailer  were  placed  well  forward,  and  such 
an  arrangement  would  frequently  cause  viola- 
tion of  the  axle-group  loading  regulations  in 
effect  in  many  States. 

In  figure  14  the  amount  of  pay  load  carried 
is  taken  into  consideration.  Here  the  fre- 
quency of  axle  loads  of  20,000  pounds  or  more 
per  1,000  tons  of  pay  load  is  shown.  On  this 
basis  it  is  the  three-axle  tractor-truck  and 
semitrailer  combination  that  has  the  highest 
frequency  of  heavy  axle  loads  in  the  Eastern 
and  Western  regions,  while  the  four-axle  trac- 
tor-truck and  semitrailer  combination  contin- 
ues to  hold  first  place  in  the  Central  regions. 
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The  five-axle  tractor-truck  and  semitrailer  regions,  has  the  lowest  frequency  of  heavy 
combination,  which  is  used  in  appreciable  axle  loads  per  1,000  tons  of  pay  load  of  any 
numbers   only   in   the    Mountain   and    Pacific       of  the  more  commonly  used  vehicle  types. 


Length  Limits  Restrict  Use  of  Five- 
Axle  Combination 

The  failure  to  make  use  of  this  five-axle 
combination  type  in  the  Central  and  Eastern 
regions  has  been  attributed  by  some  to  short- 
comings in  operating  characteristics  of  the 
vehicle  design,  but  any  such  difficulties  do  not 
appear  to  be  sufficiently  great  to  restrict  the 
usage  in  the  West.  A  more  evident  reason  for 
the  scarcity  of  this  type  of  vehicle  throughout 
the  Central  and  Eastern  States  is  the  45-foot 
length  limitation  for  tractor-truck  and  semi- 
trailer combination  that  prevails  throughout 
most  of  this  area.  The  average  wheel-base 
length  for  a  five-axle,  tractor-truck  and 
semitrailer  combination,  over  the  whole 
United  States,  was  43.4  feet  from  center  of 
front  wheel  to  center  of  rear  wheel.  Obviously 
the  over-all  length  of  the  vehicle,  including  the 
overhang,  front  and  rear,  would  have  to  be 
greater  than  45  feet  with  this  length  of  wheel 
base.  The  two-axle  tractor-truck  with  two- 
axle  semitrailer,  on  the  other  hand,  which  is 
one  of  the  principal  offenders  as  regards  heavy 
axle  loads,  had  an  average  wheel-base  length 
of  34.1  feet,  which  permits  a  vehicle  length 
well  within  the  45-foot  limitation. 

The  photograph  at  the  bottom  of  page  283 
(left)  shows  a  four-axle  combination  of  a 
type  widely  used  throughout  the  country. 
The  gross  load  on  this  vehicle  was  68,900 
pounds  and  the  weight  on  the  second  axle  was 
27,690  pounds.  This  compares  with  less  than 
17,000  pounds  each  for  the  third  and  fourth 
axles.  Such  unequal  loading  is  not  uncommon 
for  vehioles  of  this  type. 

The  five-axle  combination  shown  in  the 
photograph  at  the  bottom  of  page  283  (right), 
which  was  weighed  in  California,  is  the 
most  popular  type  of  heavy  vehicle  in  the 
West.  It  is  49  feet  long  and  would  therefore 
violate  the  length  limit  in  effect  in  23  of  the 
37  Central  and  Eastern  States.  The  gross 
weight  was  66,700  pounds,  almost  the  same 
as  that  of  the  four-axle  combination  (p.  283, 
left),  but  the  maximum  axle  load  was  only 
17,500  pounds. 

The  weights  for  single  axles  and  axle  pairs 
were  as  follows: 


Axle 
n  a  mbet 

1 

2 

3 

4 

5 


Sin  file  arte 
(pounds) 

7,  600 
17,  500 
11,  600 
15,  000 
15,  000 


Axle  pair 

(/mi  nth) 


29,  100 

30,  000 


This  type  of  load  distribution  is  typical  of 
that  found  on  many  of  the  five-axle  combina- 
tions. Apparently  the  vehicle  was  so  designed 
and  loaded  as  to  take  maximum  advantage  of 
legal  limits  in  effect  in  the  area  throughout 
which  it  was  operated.  The  second  axle  was 
loaded  for  maximum  traction  almost  to  the 
18,000-pound  limit.  The  third  axle,  probably 
not  a  drive  axle,  carried  a  lighter  load  so  that 
the  32,000-pound  limit  for  an  axle  pair  was 
not  exceeded.  The  load  at  the  rear  was 
equally  distributed  between  the  fourth  and 
fifth  axles.  The  axle-group  loading,  also,  was 
probably  just  within  the  legal  limit,  for  the 
California  law  permits  59,500  pounds  within 


PUBLIC  ROADS  •  Vol.  25,  No.  12 


285 


a  30  fool   length,  the  probable 

distance  from  the  center  of  the  second  axle 
to  the  center  of  the  fifth  axle,  though  (here  is 
no  record  of  the  actual  measurement  in  this 
case.  The  axle  group  load  limit  recommended 
by  the  American  Association  of  Stale  High- 
wax  Officials,  however,  was  doubtless  exceeded 
somewhat,  as  thai  limit  is  52,650  pounds  for  a 
30-foot  length. 

The  five-axle  semitrailer  combinations  have 
a  better  record  of  compliance  with  State 
weight  laws  than  combinations  of  other  types. 
In  the  Pacific  region,  for  example,  the  percent- 
age exceeding  one  or  more  of  the  weight  limits 
was  9  percent  for  the  five-axle  combinations, 
compared  to  12  percent  for  combinations  of 

ol  her  t  \  pes. 

The  laws  regarding  axle-group  weights  are 
somewhat  more  lenient  in  California  and 
Washington  than  recommended  by  the  Ameri- 
can Association  of  State  Highway  Officials, 
and  22  percent  of  the  five-axle  combinations 
had  axle  groups  loaded  beyond  the  Associa- 
tion's recommended  limits.  In  most  cases, 
however,  the  excess  weight  was  small,  amount- 
ing to  more  than  10  percent  excess  in  the  case 
of  only  10  percent  of  the  vehicles. 

The  number  of  axles  with  loads  exceeding 
the  IS, 000-pound  limit,  per  1,000  vehicles  was 
only  64  for  the  five-axle  combinations  com- 
pared to  95  for  combinations  of  other  types  in 
the  Pacific  region.  As  regards  compliance 
with  axle-load  limits,  therefore,  the  five-axle 
tractor-truck  semitrailer  combination  has  a 
materially  better  record  than  other  types  of 
large  vehicles. 

Enforced  Axle-Load  Limits  Needed  to 
Protect  Highways 

The  major  part  of  the  Nation's  principal 
highways  was  constructed  in  the  period  from 
1920  to  1940.  These  existing  highways  must 
be  maintained,  and  gradually  reconstructed 
or  replaced,  with  (he  funds  currently  available 
for  the  purpose.  It  is  obviously  impossible  to 
meet  the  rapidly  increasing  frequency  of 
heavy  axle  loads  by  thickening  the  pavements, 
as  was  done  to  some-  extent  in  the  earlier  years 
of  road  building.  Legal  limitation  of  axle 
loads,  with  effective  enforcement,  seems  to  be 
the  only  way  our  pavements  can  be  protected. 
This  does  not  necessarily  mean,  however,  that 
gross  loads  and  pay  loads  may  not  be  allowed 
to  increase,  provided  the  vehicle  is  so  designed 
as  to  spread  the  load  over  a  sufficient  number 
of  axles.  Somewhat,  less-stringent  length 
limits,  within  the  A.  A.  S.  H.  O.  recommenda- 
tion, would  encourage  such  design  and  would 
probably  reduce  pressure  for  higher  axle-load 
limits.  As  a  specific  example,  if  those  States 
wdiich  have  a  45-foot  length  limit  for  tractor- 
truck  and  semitrailer  combination  would 
raise  it   to   50  feet,   as  recommended  by   the 


A  three-axle  truck  with  three-axle  full  trailer. 


A  three-axle  tractor -semitrailer  with  two-axle  full  trailer. 


A  four-axle  tractor-semitrailer  with  three-axle  full  trailer. 


American  Association  of  State  Highway 
Officials,  this  would  encourage  the  widespread 
use  of  the  type  of  vehicle  which  carries  more 


tonnage   than   any   other   single 
West  and  does  so  with  a  very  low 
excessively  heavy  axle  loads. 


type   in    the 
frequency  of 
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Traffic  Trends  on  Rural  Roads  in  1948 


BY  THE  HIGHWAY  TRANSPORT  RESEARCH  BRANCH 
BUREAU  OF  PUBLIC  ROADS 


Reported  by  THOMAS  B.   DIMMICK,  Head, 
Current  Data  Analysis  Unit 


Total  travel  on  rural  roads  in  1948  broke 
all  records,  exceeding  the  previous  year's 
high  by  6  percent  and  the  prewar  peak  by  17 
percen  t.  On  the  345,000  miles  of  main  rural 
roads  in  the  United  States  travel  in  1948 
was  almost  148  billion  vehicle-miles,  of 
which  about  77  percent  was  by  passenger 
cars,  1  percent  by  busses,  and  22  percent  by 
freight  -carrying  vehicles. 

Trucks  and  combinations  hauled  13  per- 
cent more  ton-mileage  of  freight  in  1948 
than  in  the  previous  year  and  42  percent 
more  than  in  1941.  These  increases  in 
freight  carried  were  made,  notwithstanding 
small  drops  in  the  proportion  of  trucks 
loaded,  because  of  the  rise  in  use  of  heavier 
commercial  vehicles,  beginning  during  the 
war  and  continued  in  1948,  although  at  a 
reduced  rate.  Truck-combination  travel 
was  9  percent  higher  than  in  the  previous 
year,  68  percent  higher  than  in  1941,  and 
213  percent,  higher  than  in  1936.  The 
average  load  carried  by  commercial  vehicles 
in  1948  was  73  percent  heavier  tluin  in  1936 
and  about  4  percent  above  the  1947  loail 
weights. 

In  1948,  over  5  percent  of  all  trucks  and 
combinations,  loaded  and  empty,  exceeded 
a  legal  weight  limit,  and  18  percent  of  the 
combinations  were  overweight  in  some  par- 
ticular. The  highest  percentage  of  over- 
loading ivas  in  the  East  North  Central 
region  ivhere  8  percent  of  the  vehicles  of  all 
types  and  21  percent  of  the  combinations 
were  found  to  exceed  legal  iveight  limits. 
From  1947  to  1948  the  percentage  of  over- 
weight vehicles  increased  in  all  regions 
except  the  Pacific  and  New  England  regions. 


TRAVEL  on  rural  roads  in  1948  broke  all 
previous  records  for  the  third  consecutive 
year.  The  1948  volume  of  traffic  was  6 
percent  higher  than  that  of  1947  and  17  per- 
cent higher  than  that  of  1941,  the  prewar 
peak.  Regionally  the  increase  over  1947 
ranged  from  5  percent  in  the  Middle  Atlantic 
and  South  Atlantic  regions  to  9  percent  in  the 
West  North  Central  region.  These  facts 
were  established  from  the  records  of  about 
700  automatic  traffic  recorders  operated  con- 
tinuously throughout  the  year  at  permanent 
stations  on  rural  roads,  both  main  and  local, 
in  all  of  the  States. 

The  variation  in  rural-road  travel  for  three 
main  geographic  divisions  and  in  the  United 
States  as  a  whole  is  illustrated  in  figure  1  for 
the  year  1948,  for  1947,  and  for  1941,  the 
prewar  peak  year. 

The  chart  shows  that,  with  minor  excep- 
tions, travel  in  each  month  in  each  of  the 
three  geographic  regions  and  in  the  United 
States  as  a  whole  was  well  above  that  of  the 
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Figure  1. — Travel  on  all  rural  roads  in  1941,  1947,  and  1948,  by  months. 


corresponding    month    of    the    earlier    years.  regaining,  during  the  postwar  years,  its  former 

Average  monthly  travel  was  higher  in   1947  importance  in  the  annual  traffic  pattern, 

than  in  1941  in  each  of  the  regions,  and  still  The   flattening   out   of  the  summer  traffic 

higher  in  1948.  peak  during  the  war  years  and  the  subsequent 

The  summer  travel  peak,  which  was  greatly  recovery  of  this  peak  to  prewar  proportions 

diminished  during  the  war,  has  slowly  been  are  shown   in   the  ratios  of  the  July-August 
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(m(1  .  month  traffic 

for  the  year  ■"  t]    annual 

traffic): 
Year: 

1940  1-  23 

1<MI         L  23 

1942  !•  13 

1943        I-13 

10-11  ---      l-l4 

1015  1-14 

1946.         1-  17 

1017  1-19 

1948  ---      1.22 

It,  is  not  surprising  to  find  Unit  when  we 
entered  the  war  the  summer  peak  traffic 
dropped  from  23  percent  above  the  annual 
average  to  only  13  percent  above  the  annual 
average  for  2-month  periods.  It  is  somewhat 
surprising,  however,  to  find  that  not  until  1948 
has  summer  traffic  assumed  approximately  the 
same  relative  importance  in  the  annual 
traffic  pattern  that  it  had  in  the  prewar  years. 
Undoubtedly  the  shortage  of  automobiles 
tended  to  discourage  vacation  driving  in  the 
first,  2  years  following  the  close  of  the  war. 

1948  Summer  Loadometer  Survey 

The  machine  counts  from  which  the  traffic- 
volume  data  were  obtained  provide  no  classi- 
fication by  vehicle  type,  since  they  record 
only  the  total  number  of  vehicles  of  all  types 
passing.  However,  trends  in  type,  weight, 
and  characteristics  of  commercial  vehicles 
were  established  from  data  recorded  in  a 
summer  survey,  repeated  each  year  since 
1012,  in  nearly  all  of  the  States.  In  1948, 
544  stations  in  44  States  were  operated  at 
times  and  under  conditions  comparable  to 
those  existing  in  earlier  surveys.  The  infor- 
mation obtained  in  these  summer  surveys, 
together  with  additional  information  con- 
cerning traffic  classification  collected  in  a 
number  of  States  throughout  the  year,  was 
used  to  determine  the  changes  that  had  taken 
place  since  the  comprehensive  Nation-wide 
surveys  of  1936  and  1937  were  made.1 

All  States  participated  in  the  1948  survey 
except  Florida,  Oregon,  Pennsylvania,  and 
Wyoming.  In  Pennsylvania  an  expanded 
weight  survey  was  in  progress  and  in  Wyoming 
one  was  being  completed,  but  reports  from 
neither  were  available  for  inclusion  in  this 
analysis. 

The  majority  of  the  weight  stations  were 
operated  during  July,  August,  and  September. 
California  completed  most  of  the  work  in 
June;  Texas  operated  its  stations  from  May 
through  August;  Tennessee  commenced  in 
May  and  ended  in  October;  while  Minnesota 
conducted  the  operations  from  April  to 
September. 

The  stations  used  in  these  surveys  were 
selected  initially  to  give  a  representative  cross 


Table  1 Survey  period,  number  of  stations  operated,  number  of  vehicles  counted,  and 

number  weighed  in  each  State  in  the  special  weight  survey  during  the  summer  of  1948 


1  See  Traffic  trends  on  rural  roads  in  1947 ',  hy  T .  B.  Dimmick, 
Public  Roads,  vol.  25,  No.  7.  Mar.  1949;  Traffic  trends  on 
rural  roads  in  1946,  by  T.  B.  Dimmick  and  M.  E.  Kipp, 
PUBLIC  Roads,  vol.  25,  No.  3,  Mar.  1948;  Traffic  trends  on 
rural  roads  in  1946,  hy  T.  B.  Dimmick,  Public  Roads,  vol. 
21,  No.  10,  Oct. -Nov. -Dec.  1946;  and  Amount  and  charac- 
teristics of  trucking  on  rural  mails,  by  J.  T.  Lynch  and  T.  B. 
Dimmick,  Public  Roads,  vol.  23,  No.  9,  July-Aug.-Sept. 
1943. 


Region  and 

\  umbel 

of  sta- 
tions 

Vehicles  counted 

Trucks  and 
combina- 
tions 
weighed 

Survey  period 

All  vehicles 

Trucks  and 
truck  com- 
binations 

New  England: 

July  26-Aug.  10 

10 
10 
10 
5 
5 
5 

28.  037 
22,  446 
34.114 
14,724 
12,063 
9,151 

5,494 
3,430 
5,812 
1,846 
2,331 
742 

2,203 

1,673 

2.077 

522 

986 

742 

July  26-Aug.  6 

Massachusetts 

Aug.  9-20             .     

Aug.  6-13 

July  26-30 

Aug. 2-6 - 

45 

120,535 

19, 655 

8,203 

Middle  Atlantic: 

Aug. 2-19. 

10 
20 

72,  065 
39,  202 

12,608 
1 0,  762 

2,  026 
3,693 

(1) 

30 

111,267 

23,  370 

5,719 

South  Atlantic: 

Aug.  9-18 

4 

6 

9 
12 
10 
10 

9 

15, 189 

3,863 

745 

(n 

Aug.  16-Sept.  2 

July  26-Aug.  12 

13,668 
6,912 
24,  083 
16.  253 
20,  600 
11,580 

3,368 
1,985 
6,  000 
4,350 
5,  066 
3,180 

2,290 
1,093 
3,800 
2,096 
1,714 
1,359 

Aug.  10-31 

Sept. 8-22 

Aug.  10-  23 

Aug.lO-Sept.  2 

60 

108,  285 

27,812 

13,1197 

135 

340,  087 

70,837 

27,019 

East  North  Central: 

Aug.  24-Sept.  7 

47 
20 
8 
5 
12 

83.  658 
39,  099 
20, 560 
9.062 
25,717 

15,  325 
9,056 
3.119 

2,  566 

3,  450 

6,  324 

3,768 

1,907 

677 

1,951 

Aug.  5-Sept.  1  -.      

July  20-Aug.  7 

July  27- Aug.  12 

Aug.  5-26 

92 

178.096 

33,516 

14,627 

East  South  Central: 

10 
10 
13 
10 

9,984 
11,175 
18,153 

9,386 

2,692 
3,012 
5, 021 
2.378 

1,782 
1.228 
3,089 
1,455 

June  7- July  24 

Aug.  17-Sept.  7... 

May  26-Oct.30 

43 

48, 698 

13,103 

7,  554 

West  North  Central: 

July  26-Aug.  13. 

10 
10 
40 
14 
20 
15 
12 

1 2,  790 
9.354 
115,839 
66,  067 
20,  869 
19,711 
8,076 

2,275 
1,967 
22,913 
13,314 
4,324 
4,349 
1,671 

2.180 
1,155 
1 0,  038 
7.  302 
4,  262 
2.  668 
1,493 

Aug.  5-18 

Minnesota 

Apr.  19-Sept.8 

Aug.  16-Sept.  3 

July  22-Aug.  18 .- 

North  Dakota 

July  22-Sept.  1 

July  26-Aug.  13 

121 

252,  706 

50,813 

29,  098 

West  South  Central: 

July  9-Aug.  15. 

10 
10 
10 

17 

15,376 
9.209 
13,  538 
27,  374 

4,802 
2,742 
3,454 
6,585 

1,350 
1.397 
3,454 
1.799 

July  26-Aug.  7 

July  7-23           

Texas 

May  18-Aug.  30 

47 

65,  497 

17, 583 

8.000 

303 

544,  997 

115,015 

59.  279 

Mountain: 

July  26-Aug.  6 

10 
10 
13 
17 
10 
6 
10 

9,385 
23,  939 
13.  658 
15,063 
7.188 
6,295 
14, 765 

1,979 
3, 831 
2,  533 
2.649 
1.041 
1,383 
2,878 

676 

715 

2,  336 

2,190 

836 

691 

1,187 

Aug.  13-27 

Idaho __  _. 

Aug.  2- 25 

Montana. 

Aug. 4-31-.. -__ 

Nevada 

Aug. 3-17 

New  Mexico 

Aug.  5-Sept.  7-. 

Utah.. 

July  26-Aug.  6 

Wyoming..  ... 

(')      - 

Subtotal . 

76 

90,293 

16,  294 

S.03I 

Pacific: 

California ... 

* 
June2-July2  .. 

20 
10 

2  67,  760 
16,  926 

13,  620 

5,032 

Oregon... 

(') 

Washington.. _. 

Sept.  8-21. 

3,362 

2,185 

Subtotal ... 

30 

84, 686 

16,982 

7,217 

Western  regions,  subtotal 

106 

171.979 

33,  276 

15,  848 

United  States  total ..  . 

544 

1,060.063 

219, 128 

102,146 

1  No  survey  made. 

»  Passenger  cars  not.  counted  in  California.    Figure  given  is  an  estimate  based  on  data  from  other  reports. 


section  of  traffic  on  main  rural  roads,  and  were 
operated  for  one  or  more  8-hour  periods  on  a 
weekday,  generally  from  either  6  a.  m.  to 
2  p.  m.,  or  from  2  p.  m.  to  10  p.  m.  All 
traffic  passing  through  the  stations  during  the 
period   was   counted   and   classified   into   the 


following  categories:  local  passenger  cars; 
foreign  (out-of -State)  passenger  cars;  panel 
and    pick-up    trucks;2   other    two-axle,   four- 


2  Single-unit  trucks  with  a  carrying  capacity  of  less  than 
1  Yi  tons. 
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tire  trucks;  two-axle,  six-tire  trucks;  three- 
axle  trucks;  tractor-semitrailer  combinations; 
truck  and  trailer  or  tractor-semitrailer  and 
trailer  combinations;  and  busses.  The  com- 
bination-type vehicles  were  further  subdivided 
according  to  the  number  of  axles  of  each. 

The  survey  period,  number  of  stations  oper- 
ated, number  of  vehicles  counted,  and  number 
weighed  are  shown  for  each  State  in  table  1. 
Over  a  million  vehicles  were  counted  at  all 
stations  during  the  period  of  the  survey. 
About  one-fifth  of  the  vehicles  counted  were 
freight-carrying  vehicles,  of  which  almost  one- 
half  were  weighed. 

Wherever  traffic  volume  permitted,  all 
trucks  and  truck  combinations  were  stopped 
and  weighed.  Where  this  procedure  was  im- 
practicable, a  sample  was  obtained  by  weigh- 
ing all  of  the  less  common  types  and  omitting 
only  vehicles  of  types  sufficiently  common  to 
establish  their  characteristics  from  a  sample. 
The  type  of  vehicle,  whether  loaded  or  empty, 
the  number  of  axles,  and  weight  of  each  axle 
were  recorded.  The  axle-spacing  and  total 
wheel-base  length  of  the  heavier  vehicles 3 
were  measured.  Passenger  cars  and  busses 
were  counted  but  not  stopped  for  weighing. 

Prewar  Travel  Trend  Fulfilled 

Figure  2  shows  in  chart  form  the  vehicle- 
mileage  of  travel  on  all  rural  roads,  by  type  of 
vehicle,  for  each  year  from  1936  to  1948, 
inclusive.  It  is  apparent  that  the  effect  of 
the  war  on  the  long-term  upward  trend  in 
traffic  volumes  has  now  been  entirely  over- 
come. A  straight  line  from  the  top  of  the 
bar  for  1936  to  the  top  of  the  bar  for  1948 
fits  very  closely  the  prewar  trend  from  1936 
to  1940.  The  bar  for  1941  extends  well 
above  this  line,  but  it  is  generally  recognized 
that  1941  was  a  year  of  exceptional  activity 
in  preparation  for  the  war. 

In  the  case  of  travel  of  trucks  and  truck 
combinations,4  the  1948  value  fits  the  1936 
to  1940  trend,  projected,  almost  exactly.  For 
truck  combinations  alone,  the  1936  to  1948 
line  lies  above  the  tops  of  the  bars  for  all 
intervening  years,  indicating  an  accelerating 

3  Trucks  and  truck  combinations  weighing  13  tons  or  more 
and,  in  addition,  sinele-unit  trucks  having  an  axle  weighing 
18,000  pounds  or  more. 

4  In  this  article,  the  term  truck  is  used  to  indicate  a  single- 
unit  vehicle;  truck  combination  to  indicate  tractor-truck  semi- 
trailer (with  or  without  full  trailer)  and  truck  with  full  trailer; 
and  trucks  and  truck  combinations  to  indicate  all  of  these 
vehicles  together. 
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Figure  2. — Travel  on  all  rural  roads,  1936-48,  by  classes  of  vehicles. 


growth  in  traffic  by  vehicles  of  this  type. 
The  ratios  of  traffic  volumes  on  main  rural 
roads  in  1948  to  those  in  corresponding  months 
of  1947  are  shown  in  table  2.  Main  roads, 
totaling  345,000  miles,  are  considered  to  be 
those  of  the  entire  State  system  in  most 
States,  and  those  of  the  primary  State  system 
in  such  States  as  Virginia  and  Pennsylvania 
where  all  or  a  large  part  of  the  rural-road 
mileage  is  under  State  control.  The  consistent 
increase  in  travel  by  most  types  of  vehicles 
and  in  all  sections  of  the  country  is  clearly 
shown.  Passenger-car  travel  as  a  whole  and 
that  of  trucks  and  truck  combinations 
increased    in    all    regions    without  exception. 


There  were  slight  declines  in  some  regions  in 
travel  of  busses  and  foreign  passenger  cars, 
separately  considered. 

The  percentage  distribution  of  travel  in 
1948  is  given  for  each  census  region  and  for 
the  United  States  as  a  whole  in  table  3.  In 
this  table  the  single-unit  trucks  are  divided 
into  the  four  classification  types  based  on 
axle  and  tire  arrangement,  while  the  truck 
combinations  are  divided  according  to  the 
total  number  of  axles  of  the  combination. 
The  classification  of  vehicles  into  these  types, 
which  has  been  used  only  in  the  last  two 
annual  surveys,  permits  more  positive  identi- 
fication than  the  use  of  the  old  "light,  medium, 


Table  2.- 

-R€itio  o 

/  1948  traffic  on 

main  rural  roa 

ds  to  correspon 

ding  t  n 

ffic  in  1947  > 

Vehicle  type 

Eastern  regions 

Central  regions 

• 
Western  regions 

United 
Stabs 
average 

New 
England 

Middle 
Atlantic 

South 
Atlantic 

Average 

East 
North 

(  Vniiiil 

East 
South 
Central 

West 
North 
Central 

West 
South 
Central 

Average 

Mountain 

Pacific 

Average 

Passenger  cars: 

Local ..      _. 

1.08 
1.03 

1.07 

1.07 
1.16 
1.09 

1.  11 

1.07 

1.00 
1.  14 
1.02 

1.  17 
1.07 
1.14 

.88 

1.05 

1.04 
1.08 
1.05 

1.05 
1.04 
1.04 

.85 

1.05 

1.03 
1.09 
1.04 

1.09 
1.06 
1.09 

.90 

1.05 

1.09 
1.02 
1.07 

1.07 
1.11 
1.10 

1.00 

1.07 

1.23 

.97 
1.15 

1.  10 
1.  15 
1.  11 

1.05 

1.14 

1.  15 
.90 
1.09 

1.14 
1.  17 
1.15 

.95 

1.11! 

1.08 
.95 
1.05 

1.22 
1.17 
1.20 

1.14 

1.09 

1.  12 
.97 

1.08 

1.14 
1.16 
1.14 

1.03 

1.09 

1.  10 
1.03 

1.06 

1.11 
1.16 
1.12 

1.10 

1.08 

1.08 
.97 
1.00 

1.08 
1.03 
1.05 

.99 

1.05 

1.08 
1.00 
1.06 

1.  10 
1.05 
1.08 

1.03 

1.06 

1.08 
1.02 

1.07 

1.12 
1.09 

1.11 

.98 
1.07 

Foreign 

All  passenger  cars.-'. .  . 

Trucks  and  truck  combinatioas: 

Single-unit  trucks    ..  ... _ 

Truck  combinations...  .  

All  trucks  and  truck  combinations 

Busses ...     . 

All  vehicles 

1  The  ratios  for  "all  vehicles"  are  based  on  year-round  automatic  recorder  data,  while  those  for  the  individual  vehicle  types  are  based  principally  on  the  summer  counts. 
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Table  3.- 

—I'<>rc<>n 

;;  of  traffic,  by 

vehicle 

types,  in  the  summer  c 

/  1948 

Central  regions 

Western  regions 

United 
States 
average 

Middle 

South 
Atlantic 

! 

South 
Central 

West 
North 
Centra] 

West 
South 
Central 

Average 

Moun- 
tain 

Pacific 

Average 

58.34 
23.87 

60,  10 

Hi.  51 

57.62 
17.79 

58.  79 
18.17 

60.00 
21.84 

58.76 
18.54 

61. 00 

14.79 

57.  71 
13.90 

59.53 
17.75 

41.37 
34.64 

69.93 
10.55 

60.28 
18.69 

59. 43 
18.05 

All  passenger  curs 

76. 91 

75.  41 

76.96 

81.84 

77.30 

75.79 

71.61 

77   L'S 

76.01 

Ml    IS 

78.97 

77.48 

Single-unit  trucks: 

5. 37 

69 

6.  18 

.30 

5.16 

.91 

10.10 

.  56 

6.86 
1.14 
8.70 
.34 

5.99 
.99 

8  92 
.42 

3.95 
.26 

6.50 
.21 

6.65 

.66 

9.63 

.12 

6.02 

1.10 

10.84 

.22 

10.28 

.63 

9.18 

.20 

6.34 
.61 

8.62 
.20 

10.31 

.38 

7.53 

.42 

4.22 

1.09 

5.85 

.90 

6.28 
.85 

6.41 
.74 

6.22 
.77 

8.32 
.37 

Tractor-truck  and  semitrailer  combinations: 
3-axle                                 

12.84 

16.  73 

17.04 

16.32 

10.92 

17.06 

18.18 

20.29 

15.77 

18.64 

12.06 

14.28 

15.68 

3.37 
.  10 

(') 

4.81 
.  62 
.01 

5.47 
.73 
(') 

4.92 
.60 
0) 

4.33 
1.74 
.22 

3.64 
.43 
.02 

3.27 

1.66 

.08 

5.57 
1.40 
.05 

4.28 

1.47 
.12 

1.80 
1.07 
.65 

1.08 
1.28 
2.16 

1.32 
1.21 
1.  65 

3.95 
1.14 
.36 

5-axle  (or  more) 

All  tractor-truck  semitrailer  combina- 

3.47 

5.44 

6.20 

5.52 

6.29 

1.  09 

5. 01 

7.02 

5.87 

3.52 

4.52 

4.18 

5.45 

Truck  and  trailer  combinations: 

.01 

0) 

.02 
0) 

.02 

.02 

(') 

.10 
.10 
.05 

.17 
.01 
(') 

.14 
.01 

.11 
.05 
.02 

.22 
.21 
.27 

.46 
.40 
1.24 

.38 
.33 
.92 

.13 
.08 
.18 

All  truck  and  trailer  combinations 

.01 

.02 

.02 

.02 

.25 

.18 

.15 

.18 

.70 

2.10 

1.63 

.39 

3.48 
16.  32 
1  47 

100.  Oil 

5.46 

22.19 

.90 

100.  00 

6.22 

23.26 

1.33 

100.  00 

5.54 

21.86 

1.18 

100.  00 

6.54 

17.  46 

.70 

100. 00 

4.09 

21.15 

1.55 

100.  00 

5.19 

23.37 

.84 

100.00 

7.17 

27.  46 

.93 

100.  00 

6.05 

21.82 

.90 

100. 00 

4.22 

22.86 

1.13 

100.  00 

6.62 

18.68 

.84 

100. 00 

5.81 

20.09 

.94 

100.  00 

5.84 

21.52 

1.00 

100.  00 

All  vehicles -  

1  Less  than  0.005  percent. 


and  heavy"  categories  and,  at  the  same  time, 
the  groups  are  more  homogeneous  than  those 
formerly  used. 

The  figures  in  table  3  indicate  that  truck 
travel  on  a  percentage  basis  is  heaviest  in  the 
West  South  Central  region  and  only  slightly 
lighter  in  the  West  North  Central,  South 
Atlantic,  and  Mountain  regions,  all  of  which 
have  comparatively  light  total  traffic.  Other 
areas  as,  for  instance,  the  New  England,  East 
North  Central,  and  Pacific  regions,  where 
total  traffic  generally  is  heavy,  have  the 
smallest  percentages  of  trucks.  Certain  types 
of  vehicles,  apparently  favored  by  local  con- 
ditions, are  found  principally  in  certain 
regions.  For  instance,  the  five-axle  (or  more) 
tractor-truck  semitrailer  combinations  and  the 
six-axle  (or  more)  truck  and  trailer  combina- 
tions are  confined  principally  to  the  Western 
regions.  The  absence,  on  the  other  hand,  of 
certain  types  in  some  regions  as,  for  example, 
the  truck  and  trailer  combinations  in  the 
East  South  Central  region,  is  noteworthy. 

Average  Weights  Again  Increasing 

Figure  3  shows  graphically  the  average 
weights  of  loaded  and  empty  trucks  and  truck 
combinations,  separately  and  combined,  in 
each  year  from  1942  to  1948,  inclusive,  and  in 
a  prewar  year,  generally  1936  or  1937.  The 
weights  of  single-unit  trucks,  both  the  loaded 
and  the  empty,  increased  each  year  from  the 
1936-37  period  through  1945,  then  leveled 
off  and  even  decreased  slightly.  At  the  same 
lime  weights  of  both  loaded  and  empty  truck 
combinat  ions  increased  each  year  of  the  period 


shown.  The  increase  in  average  weight  of 
loaded  combinations  from  the  1936-37  period 
to  1948  was  47  percent,  compared  to  only  14 
percent  for  single-unit  trucks.  The  increase 
for  all  trucks  and  combinations  was  54  percent, 
a  figure  higher  than  that  for  either  type 
separately,  because  of  the  increased  propor- 
tion of  combinations  in  the  latter  year. 

The  average  weights  of  the  various  types  of 
loaded  and  empty  trucks  and  truck  combina- 
lions  in  the  summer  of  1948  are  shown  in 
table  4,  for  the  different  regions.  This  table 
brings  out  clearly  the  important  differences 
that  exist  in  the  weight  characteristics  of  the 


vehicles  in  the  different  groups.  It  will  be 
noted,  for  example,  that  for  the  United  States 
as  a  whole,  the  loaded  three-axle,  single-unit 
trucks  weighed  about  twice  as  much  as  the 
two-axle,  six-tire  trucks.  Similar  differences 
existed  throughout  the  various  classifications. 
On  the  other  hand,  the  regional  differences  in 
average  weight  for  each  of  the  vehicle  types 
that  are  common  throughout  the  country  are 
surprisingly  small.  The  extremely  low  weights 
of  truck  and  trailer  combinations  in  some 
regions,  particularly  the  West  North  Central, 
indicate  a  predominance  of  small,  home-made 
trailers  of  low  capacity. 
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WEIGHT  OF    VEHICLES   INCLUDING   LOAD 
WEIGHT    OF  EMPTY   VEHICLES 
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SINGLE-UNIT   TRUCKS 


TRUCK    COMBINATIONS 


TRUCKS    AND  COMBINATIONS 

Figure  3. — Average  weights  of  loaded  and  of  empty  trucks  and  truck  combinations  in  the 
sttmmers  of  1942-48  and  in  a  corresponding  period  of  a  prewar  year. 
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Table  4. — Average  weights  (in  pounds)  of  loaded  and  empty  trucks  and  truck  combinations,  by  vehicle  types,  in  the  summer  of  1948 


Vehicle  type 

Eastern  regions 

Central  regions 

Western  regions 

United 
States 
average 

New 
England 

Middle 
Atlantic 

South 
Atlantic 

Average 

East 
North    , 
Cent  ml 

Eas1 

South 

Ccnl  lal 

West 
North 
(  Yntlnl 

West 
South 
Central 

Average 

Mountain 

Pacific 

Average 

AVERAGE  WEIGHTS  OF  LOADED  VEHICLES 

Single-unit  trucks: 

4,619 
6,  321 

14,  290 
29,  102 
10,  827 

36.  079 

(') 
36,  087 

17,  541 

4,942 
8,126 
15,  364 

31.  171 
13,  007 

42,  240 

42, 170 

21,  691 

1,666 
9,  320 

'    13,342 
23,938 

10,914 

35,  482 
35,  402 
18,  268 

4.760 

x,  C,(;s 
14,  299 
211,1)76 
11.736 

37,  945 

37,  883 

19,  502 

4.  755 

6,384 

13,  265 

26,  802 

10,  948 

37,  552 
56, 100 

38,  107 

22,  914 

5,094 

6,  596 
14,  156 
28,  043 
11,792 

34,640 

34  640 

18, 409 

4,909 
6,730 

13,  I'M 
24,  804 

m.nsn 

38,337 

13,  628 
37,  513 

17,  932 

6,615 
10,  706 
14,057 
24,020 

10,417 

35,  920 
32, 164 
35,  846 

18,  076 

5,545 

7,465 
13.  504 
25,  701 
10,808 

37,028 
38,  863 
37,094 

19,  793 

4.  967 

7,542 

13, 471 

25,  303 

10,  232 

41,  761 
55,416 
13,942 

18, 999 

4,357 
6.647 
12,541 
25,  265 

in.nis 

45,979 
53,  659 
48,  299 

22,  689 

1,  627 
6,  755 
12,«64 

25,  272 
10, 501 

44,  888 
53,878 
47,  328 

21,571 

5, 143 
7,788 
13,  679 
26,  700 

11,  (Mil 

.;s,  mm 
.-in.  nil 
39,  455 

20, 034 

other  2-axle,  4-tire.  ...     

Other  2-axle,  6-tire.    ...          ....     .  . 

Truck  combinations: 

Average,  all  trucks  and  truck  combinations.. 

AVERAGE 

WEIGHTS  OF  EMPTY  VEHICLES 

Single-unit  trucks: 

3,685 
5,003 
X.  5S3 
14,  974 
6,  105 

19,  599 

19,  599 

8,172 

4,052 
4,  863 
8,931 
13,  852 
7.  (167 

20, 405 

(') 
20,411 

9,455 

3,  703 

5,188 

7.  186 

11.856 

5,313 

17.  647 

0) 
17,643 

7,374 

3, 809 

5,028 
x,  ins 
13,  347 
6,080 

is.  952 

(') 
18.953 

8,276 

3,932 

4.  756 
7,671 
13,  897 
6,022 

18,  956 
25,  441 
19,413 

9,864 

:;.  sin 
4,798 
7,493 
11,687 
5,698 

16,  288 

16,  288 

6,911 

3,959 
5,  260 

7,  694 
12.432 

6. 081 

19,  683 
10.919 
19,366 

8,  707 

4,456 
6,337 
7,873 
16,  208 
6,157 

17,260 
19,  203 
17,300 

8,477 

4, 139 

5.  425 
7,712 
14,042 
6, 030 

18,  299 
21,070 
18,  425 

8,648 

3, 804 

4,  993 
7,440 

14,083 

5,  1 14 

21,276 
25,  728 
22, 127 

7,  161 

3,543 
4,  980 
7,  633 
14,495 
6, 089 

21,588 
26,  520 

23.341 

9.  516 

3,705 

4,  983 
7,542 
14,417 
5,572 

21,470 
26,  357 
22,  949 

8,343 

3,958 
5,  189 
7,824 

I.;  sns 
5,976 

18,  798 
24.  :..',f, 

19,  140 

8,481 

3-axle                            

Truck  combinations: 

Tractor-truck  and  semitrailer 

A  vei  age,  all  trucks  and  truck  combinations.. 

1  Data  omitted  because  of  insufficient  sample. 

Table  5. — Comparison  of  estimated  vehicle-miles  of  travel  on  main  rural  roads  in  1936,  1941,  1946,  1947,  and  1948 


Year 

Ml 
vehicles, 
vehicle- 
miles 

Passenger    c 
busse 

Percentage 

of  all 

vehicles 

82.6 

80.3 
.97 

80.4 
1.00 
.97 

79.2 

78.5 
.99 
.98 
.95 

ars    and 

31 

Vehicle- 
miles 

Millions 

73,  005 

lis.  3211 

1.35 

99,  803 

1.02 

1.37 

Ills    SMI 

115,837 
1.06 
1.18 
1.59 

All  trucks  and   truck 
combinations 

Single-unit  trucks 

Truck  combinations 

Percentage 

of  all 

vehicles 

17.4 

19.7 

1.13 

19.6 

.99 

1.13 

2(1  s 

21.5 

1.03 

1.09 

1.24 

Vehicle- 
miles 

Percentage  of 
all  trucks  and 
truck   com- 
binations 

Vehicle- 
miles 

Percentage  of 
all  trucks  and 
truck  com- 
binations 

Vehicle- 
miles 

1936                            

Millions 
88,  412 

122,505 
1.39 

124.  149 
1.01 
1.  40 

137,512 

147,597 
1.07 
1.20 
1.67 

Million!: 

15.  407 

24,185 

1.67 

24.  346 

1.01 

1.58 

28,632 

31,  760 

1.11 

1.31 

2.06 

82.1 
78.8 
.96 
73.3 
.93 
.89 
72.5 
72.9 
1.01 
.93 
.89 

Millinns 
12,650 

19,  057 
1.51 

I7.x:;s 
.94 
1.41 

20,  746 
23, 138 

1.12 
1.21 
1.83 

17.9 
21.2 
1.18 
26.7 
1.26 
1  49 
27.5 
27.1 
.99 
1.28 
1.51 

Millions 
2,757 
5.128 
1.86 
n.  .Mis 
1.27 
2.36 
7.ssn 
8,622 
1.09 
1.68 
3.13 

1941                  

1941:  1936  ra/io                         

1946                                                  

1946:  1941  ratio..      

1946:  1936  ratio.                

1947       .     

1948            ..        

1948:  1947  ratio             ..     

191,8:  1941  ratio  .                    - 

1948:  1936  ratio.          .  - 

Percentages  of  total  1948  travel  by  passenger  cars  and  by  busses  are  reported  separately  in  table  3. 


Truck  Travel  Greater  in  1918 

A  comparison  of  the  estimated  vehicle- 
miles  of  travel  on  main  rural  roads  is  shown 
in  figure  4  for  loaded  and  empty  single-unit 
trucks  and  truck  combinations,  separately 
and  combined,  for  each  year  from  1936  to  , 
1948,  inclusive.  This  chart  further  empha- 
sizes the  steady  growth  of  truck  traffic  during 
the  period  1936  to  1941,  the  temporary  effect 
of  the  wartime  restrictions,  and  the  phenom- 
enal upsurge  in  highway  truck  transportation 
subsequent  to  the  end  of  the  war  in  1945. 

Table  5  gives  a  comparison  of  the  estimated 
vehicle-miles  of  tfavel  by  vehicles  of  different 
types  on  all  main  rural  roads  in  1936,  the 
earliest  year  for  which  comprehensive  weight 
data  are  available;  in  1941,  the  peak  prewar 
year,  5  years  after  the  beginning  of  the 
surveys;  in  1946,  10  years  after  the  beginning 
of  the  surveys;  and  in  1947  and  1948,  the 
latest  years.     The   ratios   of   1948  travel   to 
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Figure  4. —  Travel  on  main  rural  roads,  1936—18,  by  loaded  and  by  empty  trucks  and  truck 

com  bina  tions. 


that  of  the  preceding  years  show  that  increases 
for  trucks  and  combinations  were  much  greater 


than  for  passenger  cars  in  all  cases;  and  that 
increases  for  truck  combinations  were  greater 
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Figure  5. — Average  load  carried  by   trucks  and   truck  combinations  on 
main  rural  roads,  1936—48. 


than  for  single-unit  trucks  except  from  1947 
to  1948.  In  the  12  years  from  1936  to  1948, 
passenger-car  travel  increased  about  60  per- 
cent, travel  by  all  trucks  and  combinations 
doubled,  and  travel  by  truck  combinations, 
considered  separately,  more  than  tripled. 

Figure  5  gives  a  comparison  of  the  average 
load  carried  by  single-unit  trucks,  truck  com- 
binations, and  all  of  these  vehicles  combined, 
in  the  13  years  that  the  planning  surveys  have 
been  operating.  The  general  trend  of  load 
weights   was  upward  throughout  the   period. 


The  slight  decline  in  the  weight  of  the  load 
carried  by  single-unit  trucks  since  191.5  has 
been  more  than  offset  by  the  increased  use  of 
combinations  and  the  increased  weight  of  the 
load  of  vehicles  of  this  type. 

Figure  6  shows  a  comparison  for  each  year 
from  1936  through  1948  of  the  ton-mile-  of 
freight  carried  by  trucks  and  truck  combina- 
tions on  main  rural  roads.  The  chart  demon- 
strates clearly  how  truck  combinations  are 
transporting  each  year  a  larger  portion  of  the 
total   amount   of   highway    freight.     In    L936 


the  truck  combinations  hauled  slightly  less 
ton-mileage  than  the  single-unit  trucks,  while 
in  1948  they  hauled  more  than  twice  as  much. 
The  sharp  increase  in  the  total  ton-mileage 
during  the  last  3  years  is  especially  striking. 


Percentage  Loaded  Remains 
Constant 

In  table  6  is  shown  a  comparison  of  the  per- 
centage of  vehicles  carrying  loads,  the  average 
carried  load,  and  the  ton-mileage  carried  for 
all  trucks  and  combinations,  for  single-unit 
trucks,  and  for  truck  combinations  in  1948 
and  the  other  significant  periods  used  in  table 
5.  The  tiend  in  average  weight  carried, 
shown  graphically  in  figure  5,  and  that  of  the 
ton-mileage  transported,  shown  in  figure  6, 
have  already  been  discussed.  For  the  country 
as  a  whole,  from  1947  to  1948,  the  percentage 
of  trucks  and  truck  combinations  carrying 
loads  decreased  slightly.  This  decrease  was 
not  sufficient  to  offset  a  slight  increase  from 
1946  to  1947,  so  the  percentage  loaded  still 
remained  slightly  above  that  in  1946.  It 
appears,  then,  that  the  downward  trend  in 
percentage  loaded,  noted  each  year  from  1942 
to  1946,  inclusive,  was  halted  in  1946,  prob- 
ably due  to  the  fact  that  passenger  cars  were 
becoming  more  plentiful,  and  the  tendency  to 
use  trucks  in  lieu  of  passenger  cars  began  to 
decrease.  Since  1946  the  trend  has  not  been 
clearly  established.  It  was  still  true  in  1948 
that  over  half  of  the  single-unit  trucks  passing 
the  stations  were  empty,  the  percentage  loaded 
being  47  percent  in  1948  compared  to  61 
percent   in    1936. 

Table  7  gives  a  detailed  comparison  of  the 
percentage  of  vehicle-miles  of  travel,  perccnt- 
age  of  vehicles  loaded,  average  carried  load,  and 
percentage  of  total  ton-miles  carried  by  the 
various  types  of  trucks  and  truck  combina- 
tions traveling  on  main  rural  roads  in  1947 
and  1948.  Many  interesting  comparisons  can 
be  made  from  this  table,  showing  the  relative 
importance  from  a  freight-carrying  stand- 
point of  different  portions  of  the  traffic 
stream.  For  instance,  it  may  be  seen  from 
the  table  that  in  1948,  while  panel  and  pick-up 
trucks  traveled  almost  29  percent  of  the 
vehicle-miles,  they  accounted  for  less  than  3 
percent  of  the  ton-mileage;  likewise,  while  the 
tractor-truck    and    semi-trailer    combinations 


Table  6. — Comparison  of  the  estimated  percentage  of  trucks  ami  truck  combinations  loaded,  average  carried  load,  and  ton-miles  carried 

on  main  rural  roads  in  1936,  1941,  1946.  194^7,  and  1948 


Year 

All  trucks  and  truck  combinations 

Single-unit  trucks 

Truck  combinations 

Percentage 
loaded 

A  verage 

weight  of 

carried  load 

Ton-miles 
carried 

Percentage 

l<i:idi'd 

Average 

weight  Of 
carried  load 

Ton-miles 
carried 

Percentage 
loaded 

Average 

weight  of 

carried  load 

Ton-miles 
carried 

1936. 

62.8 
66. 7 
1.06 
51.7 
.78 
.82 
S3.  5 
52.2 
.98 
.78 
.83 

Tons 
2.90 

:;  64 
/.  2d 
4.84 
1.3S 
1.  67 
4.81 
5.  02 
1.04 
1.S8 
1.73 

Millions 

28,  005 

58,  737 

2.10 

60  892 

1.04 

2.17 

73,610 

83,119 

1.13 

1.42 

2-97 

60.7 

65.  4 
;  08 

46.  4 
.71 
.76 

48.  3 

[6.  8 
.97 
.72 
.77 

Tons 
1.86 
2.29 
1.23 
2.31 
1.01 
1.24 
2.26 
2.  33 
1.03 
1.02 
1.25 

Millions 

1  1.  J.'.s 

28,  487 

2.00 

19.  101 

.67 

1.34 
22,610 
25,  219 

1.12 
.89 

1.77 

72.2 
71.6 

.99 

66.  2 

.92 

.92 

67.1 

66.5 

.99 

.93 

.92 

Tons 
6.90 
8.23 
1.19 
9.70 
1.18 
1.1,1 
9.63 
10.  10 
1.05 
1.23 
1.46 

Mllhmr 

13,  747 

30,  250 

2  20 

41,791 

1.38 

3.04 

51,000 

57,  900 

l-U 

1.91 
4.21 

L941 

191,1: me  ratio-. .. 

1946 

1946:1941  ratio. 

1946:1936  ratio.. 

1947 

1918.   

1948:1947  ratio  .     

1948:1941  ratio.  .. 

19S6  ratio.    . 
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traveled  about  25  percent  of  the  vehicle- 
mileage,  they  carried  63  percent  of  the  ton- 
mileage. 

From  the  portion  of  table  7  showing  the 
percentage  of  vehicles  carrying  loads,  by 
types,  it  can  be  observed  that  the  percentage 
of  vehicles  carrying  loads  increases  directly  as 
the  size  of  the  vehicle  type,  extending  from 
the  light  panel  and  pick-up  trucks  that  are 
loaded  37  percent  of  the  time  to  the  heavy 
truck  and  trailer  combinations  that  are  loaded 
70  percent  of  the  time. 

Frequency  of  Loads  Above  Legal 
Limit  Increases 

Table  8  shows  the  frequency  of  illegal 
loadings,  expressed  as  the  number  of  trucks 
and  truck  combinations  of  each  type  per  1,000 
such  vehicles  counted,  empties  included,  that 
exceeded  the  permissible  axle,  axle-group,  or 
gross-weight  legal  limits  in  effect  in  the  indi- 
vidual States  in  the  summer  of  1948.  Viola- 
tions of  the  State  laws  were  most  frequent  in 
the  East  North  Central  region,  where  it  was 
found  that  84  of  each  1,000  vehicles  exceeded 
a  State  weight  limit,  20  of  these  vehicles  ex- 
ceeding the  limit  by  more  than  20  percent. 
The  Middle  Atlantic  region  stood  second  in 
frequency  of  violations,  for  in  this  area  65 
vehicles  out  of  each  1,000  exceeded  a  load  limit, 
and  17  such  vehicles  exceeded  the  limit  by 
more  than  20  percent. 

A  comparison  of  the  frequency  data  con- 
cerning violations  of  State  weight  laws  in  1948, 
as  shown  in  table  8,  with  similar  data  collected 
in  the  previous  year,  indicates  that  these 
violations  have  increased  in  all  areas  except 
the  Pacific  and  New  England  regions.  In  the 
Pacific  region  the  frequency  of  violations 
decreased  almost  25  percent,  while  in  the  New 
England  region  the  frequency  remained  the 
same  as  in  the  previous  year,  at  35  per  1,000. 

Comparison  ivith  Recommended 
Weight  Limits 

Uniform  regulations  concerning  maximum 
allowable  gross  weights,  axle  weights,  and  axle- 
group  weights  have  been  adopted  as  a  policy 
by  the  American  Association  of  State  High- 
way Officials  and  recommended  to  the  various 

{Text  continued  on  page  298:  tables  8-11  are  on  pages  294-0) 


Figure  6. —  Ton-miles  carried  by  trucks  and  truck  combinations  on  main  rural 

'  roads,  1936-48. 


Table  7.     Percentage  of  rehicle-miles  of  travel,  percentage  loaded,  average  carried  load,  and  percentage  of  total  ton-miles  carried  by 
various  types  of  trucks  and  truck  combinations  on  main  rural  roads  in  1948  compared  to  that  in  corresponding  months  of  1947 


Vehicle  type 

Percentage  of  vehicle- 
miles  of  travel 

Percentage  loaded 

Average  carried  load 

Percentage  of  ton- 
mileage  carried 

1948 

1947 

1948 

1947 

1948 

1947 

1948 

1947 

Single-unit  trucks: 

Panel  and  pick-up . 

28.90 
3.59 

38.66 
1.71) 

72.85 

25.35 

1.80 

27.15 

100.  00 

28.44 
4.12 

36.18 
3.72 

72.46 

24.96 

2.58 

27.54 

100.  00 

36.7 
51.9 
53.  0 
55.2 
46.8 

66.  2 
70.2 
66.5 

52.2 

39.2 

50.9 
54.4 
55.5 
48.3 

67.2 
66.8 
67.1 

53.  5 

Tons 
0.64 
1.24 
3.10 
6.57 
2.33 

9.83 
13.  64 
10.10 

5.02 

Tons 

0.  63 
1.29 
2.91 
5.80 
2.26 

II.  25 
13.  38 
9.63 

4.81 

2.60 

.88 

24.51 

2.35 
30.  34 

63.09 

6.  57 
69.66 

100.  00 

2.74 
1.06 

22.26 
4.66 

30.  72 

60.32 

8.96 

69.28 

100.  00 

Other  2-axle,  4-tire _.. 

Other  2-axle,  6-tire 

3-axle      

Truck  combinations:  » 

Tractor-truck  and  semitrailer _.  _ 

Truck  and  trailer .-     

All  truck  combinations 

All  trucks  and  truck-combinations  .  .  -  
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Table  8.— Number  of  trucks  and  truck  combinations,  per  1,000 
loaded  and  empty' vehicles,  lhat  exceeded  the  permissible  axle, 
axle-group,  or  gross-weight  laws  in  effect  in  the  States  by  various 
percentages  (maximum)  of  overload,  in  the  summer  of  J  948 


Table  9. — Number  of  axles,  per  1,000  loaded  and  empty  trucks  and 
truck  combinations  that  exceeded  the  permissible  axle-load 
limit  of  18,000  pounds  recommended  by  the  A.  A.  S.  H.  O.  by 
various  percentages  of  overload,  in  the  summer  of  1948 


Region  am 

and  i ik'k-up  trucks  exclu 

Number 
per  1.000 
over- 
loaded 

Number  per  1.000  overloaded 
more  than  — 

5  per- 
cent 

10  per- 
cent 

20  per- 
cent 

30  per- 
cent 

50 

per- 
cent 

New  England: 

2-axle,  4-i  ire 

"is 

97 

11 

124 

124 

35 

"§5 

133 
26 

186 

185 

65 

~~9 

105 

7 

190 

190 

56 

"io 

62 

7 

194 

673 

212 

84 

~23 
74 
14 

183 

183 

47 

1 
4 
6 
3 
222 

214 

50 

11 
9 
13 
5 
166 
49 
164 

47 

25 

8 
10 

174 
178 
175 

40 

"l2 

26 
8 
105 
127 
112 

45 

1 
15 
61 
9 
179 
186 
179 

55 

ii" 

69 

9 

90 

<)6" 

26 

28" 
106 

20 
127 

126" 

46 

T 

71 

5 

126 

126" 

37 

T 
32 

5 
141 
565 
157 

62 

is" 

57 

9 

139 

139" 

34 

I" 

4 

1 

149 

144" 

33 

8 
6 
13 
3 
127 
49 
125 

35 

in" 

8 

7 
143 
112 
138 

31 

"7" 
11 
4 
56 
47 
53 

21 

1 

11) 
42 
6 
125 
114 
124 

38 

S 
55 

5 
62 

62 

17 

20" 

86 

15 

101 

101 

36 

6~ 

51 

4 

84 

84 

25 

"4" 

32 

3 

95 

331 

104 

41 

9" 

57 

5 

100 

IOO" 

23 

T 

"l 

M 

81 " 
19 

8 

3 
13 

2 
89 
49 
88 

24 

16" 
4 
4 
102 
75 
98 

21 

"3" 

5 

2 
36 
12 
28 

11 

1 

33 
5 
85 
59 
83 

26 

"3" 

27 
0 

30 
30" 

8 

6 
56 

5 
55 

55" 

17 

2" 

26 

2 

34 

34" 

11 

T 

26 

1 

47 
147 
51 

20 

"3" 

34 

2 

55 

55" 

12 

(')" 

"(')" 
32 

31 

1 
13 

1 
44 
49 
44 

12 

V 

4 
2 
46 

44 
46 

10 

T 
*(') 

15 
16' 
4 

"2" 
20 
2 
41 
25 
40 

12 

"l" 
3 

1 
16 

16" 

4 

"4" 

56 

4 

27 

27" 

10 

"i* 

9 

1 

15 

15" 

5 

"(')" 
19 

(0 

19 
103 
22 

8 

"(>")" 
17 
0) 
24 

24" 

5 

(')" 

"(')" 
13 

13~ 

3 

(')" 
7 

(i) 
22 
49 
23 

6 

"3" 

T 

20 
27 
21 

5 

0) 

"(')" 
2 

T 

0) 
"i" 

15 

1 

18 
18 
18 

6 

('") 

(>) 

2 

2 
(') 

12 
(') 

1 

4 

1 

i 
"i 

0) 

"3 

13 

.; 
1 

17 

(') 

5 

"5 

1 

2 

"2 

(') 

7 
6 
6 
2 

(') 

(V) 

t 

4 
1 

(') 
3 

(>) 
3 
2 
3 

1 

nglc-unit  trucks 

and  semitrailer — 

Truck  and  1  railcr  

Average,  truck  combinations.. 
Average,  all  trucks  and  combina- 

Middle  Atlantic: 

2-axle,  4-i  ire 

2-axle  6-tire                   

3-axle                     -  

ige,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations.  - 
Average,  all  trucks  and  combina- 

South  Atlantic: 

2-axle,  4-tire 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer..  . 

Average,  truck  combinations. . 

Average,  all  trucks  and  combina- 

East  North  Central: 

2-axle,  4-tire 

2-axle,  6-tiro ._ 

3-axle 

\  \  erage,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Average,  truck  combinations. . 
Average,  all  trucks  and  eombina- 

East  South  Central: 

2-axle, 4-tire  ....   

2-axle,  6-tire.     ...  

3-axle  . 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations.. 
Average,  all  trucks  and  combina- 
tions..     ...  .  ._ 

West  North  Central: 

2-axle,  4-tire 

2-axle,  6-tire. 

3-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer.. 

Average,  truck  combinations.  _ 
Average,  all  trucks  and  combina- 
tions.  

West  South  Central: 
2-axle,  4-tire  

2-axle,  6-tire. 

3-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer... 
Truck  and  trailer 

Average,  truck  combinations. . 
Average,  all  trucks  and  combina- 
tions.   

Mourn,  ii  ii 

2-axle,  4-tire 

2-axle,  6-tire 

3-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer.. . 
Truck  and  trailer 

Average,  truck  combinations.. 
Average,  all  trucks  and  combina- 
tions  

Pacific: 

2-axle,  4-tire  .  . 

2-axle,  6-tire     .. 

3-axle ... 

Average,  single-unit  trm 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations.  _ 
Average,  all  trucks  and  combina- 
tions.    

United  States  average: 
2-axle,  4-tire 

2-axle,  6-tire 

3-axle . 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer  ... 
Truck  and  trailei 

Average,  truck  combinations. . 
Average,  all  trucks  and  combina- 
tions.  ..  .. 

1  Less  than  5  per  10,000. 


Region  and  type  of  vehicle  (panel 
and  pick-up  trucks  excluded) 

Number 
per  1,000 
over- 
loaded 

Number  per  1.000 
more  than 

>verloaded 

5  per- 
cent 

10  per- 

eeni 

20  per- 
cent 

30  per- 
cent 

50 
per- 
cent 

New  England: 

"45 

95 

25 
432 

432 

112 

"78 

208 

54 

672 

669 

205 

"l2 

96 

8 

346 

345 

98 

"ii 

13 

7 

221 

792 

243 

95 

~23 

58 

13 
236 

236 

56 

(') 

5 

3 

3 
210 

203 

47 

11 
8 
20 
9 
197 
137 
196 

58 

"23 

4 
.9 
135 
112 
131 

32 

"12 
13 

7 
79 
97 
85 

35 

1 

22 

64 

14 
281    ■ 
179 
274 

85 

"39 
62 
21 

353 

353 

92 

"67 

148 

45 

583 

580 

177 

"9 

64 

6 

249 

248 

71 

""8 
13 
5 
152 
369 
160 

64 

"15 

40 

9 

174 

174 

41 

""2 

i 

124 
120 

27 

8 

13 

3 

144 

127 

143 

40 

"io 

4 

7 

95 

73 

91 

23 

"7 

2 

4 

42 

36 

40 

17 

1 
18 
43 
11 

211 
82 

202 

63 

"31 
39 

17 
278 

278 

73 

"58 

116 

40 

499 

497 

153 

*"s 

64 
5 

17(1 

170 

49 

"_4 
6 
2 
91 
101 
94 

38 

""ii 

40 

5 

120 

120 

27 

"i 

i 

64 

"62 

15 

8 
3 
13 
2 
93 
88 
92 

26 

"io 

4 

4 

66 

52 

61 

15 

"4 

2 

2 

20 

10 

17 

7 

1 
14 
41 
9 
150 
36 
142 

45 

"i7 

17 

9 

147 

147 

38 

"38 
65 
25 

313 

312 

96 

"3 
6 
2 

73 

"73 
21 

i 
"I 

36 

21 

,35 

14 

"3 

17 

2 

56 

"56 

12 

(')" 

0) 

21 

"20 
4 

"l 

13 

1 

45 

12 

""5 
4 
2 
20 
37 
23 

6 

(') 

'(')" 

6 

"4 

1 

""8 
15 

5 
76 

6 
71 

23 

""9 

"5 
65 

"65 

18 

"26 
63 
18 

152 

151 

51 

~~i 
i 

26 

"26 

8 

GO 

(')" 
12 

4 

11 

4 

"(0 

(')" 

23 

"23 
4 

(')" 

"(') 
8 

"1 

2 

(')" 
13 

0) 

21 
2i 
5 

"3 

"I 

7 

IX 

9 
2 

(') 

"(')" 

1 

"I 

ca 

""5 
12 

3 
33 

3 

31 
11 

"3 

2 
10 

111 

4 

6 

3 

4 

41 

ii 

13 

("'") 

(') 
2 

"'2 

1 

2 
2 

1 

4 
4 

1 

"2 

2 

(') 

6 
6 
2 

"5 
1 

(O 
2 

3-axle    .    ...  .  -. 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 

^Iiildle  Atlantic: 

2-axle,  4-tire. 

2-axle,  6-tire 

3-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer..     .. 
Truck  and  trailer 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 

South  Atlantic: 

2-axle,  4-tire 

2-axle,  6-tire. 

3-axle  ..  .     - 

Average,  simrle-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer ...  

Average,  truck  combinations 

Average,  all  trucks  and  combina- 

East  North  Central: 

2-axle,  4-tire 

2-axle,  6-tire 

3-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer ._ 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions  

East  South  Central: 

2-axle,  4-tire .     

2-axle,  6-tire 

3-axle ..  

Average,  sinele-unit  trucks _ 

Tractor-truck  and  semitrailer 

Truck  and  trailer _. 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions   ...  .  .. 

West  North  Central: 
2-axle,  4-tire 

2-axle,  6-tire 

3-axle _. 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions  -     ... 

Wet  Smith  Central: 
2-axle,  4-tire . 

2-axlc,  6-tire 

3-axle—   ...     

Average,  all  single-unit  trucks.. _ 

Tractor-truck  and  semitrailer 

Truck  and  trailer. ..  .     . 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions.  _  . 

Mountain: 

2-axle,  4-tire _ 

2-axle,  6-tire..  . 

3-axle 

Average,  all  single-unit  trucks... 

Tractor-truck  and  semitrailer 

Truck  and  frailer 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions   ... 

Pacific: 

2-axle,  4-tire 

2-axle,  6-tire 

3-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trail. 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions  

United  States  average: 
2-axle,  4-tire 

2-axle,  6-tire... 

3-axle. 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer  ... 
Truck  and  trailer  . . 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions ...  ... 

'  Less  than  5  per  10,000. 
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Table  10. — Number  of  trucks  and  truck  combinations,  per  1,000 
loaded  and  empty  vehicles,  that  exceeded  the  permissible  axle- 
group  loads  recommended  by  the  A.  A.  S.  H.  O.  by  various  per- 
centages of  overload,  in  the  summer  of  1948 


Table  11. — Number  of  trucks  and  truck  combinations,  per  1,000 
loaded  and  empty  vehicles,  that  exceeded  the  permissible 
motor -vehicle  loads  recommended  by  the  A.  A.  S.  H.  O.  by 
various  percentages  (maximum)  of  overload,  summer  of  1948 


Kegiou  and  type  of  vehicle  (panel 
and  pick-up  trucks  excluded) 

Numbe 
per  1,001 
over- 
loaded 

Number  per  1,000  overloaded 
more  than  — 

5  per- 
cent 

10  per- 
cent 

20  per 

cent 

-  30  per 

cent 

50 
per- 
cent 

New  England: 

"i 

84 

2 

66 

"66 

16 

"h 

154 

8 
201 

200 

55 

"83 

2 

45 

"45 

14 

"§6 

1 

103 
763 
128 

49 

"17 
(') 
34 

"34 

7 

"i2 

(') 

109 
105 

23 

11 

~"7 
0) 

41 

49 

41 

11 

"is 

CO 

119 
223 
136 

25 

11 

1 

148 

233 

175 

63 

CO 
(') 

53 
1 

97 
272 
109 

30 

"i 

74 

2 

46 

"46 

11 

"I 

136 

150 
149 

40 

"58 

1 

31 

31 

9 

"l3 

(0 

76 
684 
99 

37 

"17 

(') 
19 

"l9 

4 

12 
(0 
73 

"70 

16 

8 

""7 
CO 

33 

49 

33 

9 

"~8 
CO 

88 
143 

97 

18 

""2 
(') 
105 
149 
119 

42 

CO 

CO 

41 

1 

70 
198 
78 

22 

"(0 

55 

1 

26 

"26 

6 

"98 

3 

112 

iii 

30 

"36 

1 
22 

"22 

7 

55 
633 

77 

29 
"l7 

CO 

12 

"12 

2 

"45 

"43 

10 

8 

""7 
CO 

26 
49 
26 

7 
"i 

(0 

62 

104 

69 

13 

"2 
CO 
67 
80 
71 

25 

CO 
(0 

27 
1 

49 
143 

55 

16 

17 

CO 

9 

9 

2 

"59 

2 
60 

"60 

16 

"21 
CO 
11 

"ii 

3 

"26 

361 
39 

15 

"17 

CO 

7 

"l 
1 

"l2 

"12 

3 

(')' 
14 
49 
15 

4 

24 
36 

26 

5 

22 
11 

19 

"15 

(0 
22 

58 
24 

""3 
CO 

3 
"3 

1 

47 

2 

37 

"37 

11 

"9 

CO 

7 

""7 

2 

"ii 

205 

18 

7 

"3 

"1 

1 

"4 

"'4 

1 

"7 

CO 

6 
39 

7 

2 

"l3 
11 
13 

2 

ii 

2 

8 

3 

"ii 
(0 
11 

29 
12 

3 

CO 
CO 

CO 

30 

1 

8 
"8 
3 

i 

"i 
(0 

2 

68 
4 

1 

CO 
(0 
(0 

"7 
CO 

2 
39 

4 

1 

CO 

5 

1 
(0 

"<3 

(0 

2 
11 
3 

1 

2-axle,  6-tire..   ..                         ..  - 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer.. 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions. _.    

Middle  Atlantic; 

2-axle,  4-tire 

2-axle,  6  tire 

3-axle    . 

Average,  single-unit  trucks 

Tractor-  truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions..     _.___-             .  .. 

South  Atlantic: 

2-axle,  4-tire 

2  axle,  6-tire 

3-axle 

Average,  single- unit  trucks...  .. 
Tractor-truck  and  semitrailer.. 
Truck  and  trailer  _  _      _ 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions  

East  North  Central: 

2-axle,  4-tire 

2-axle,  6-tire 

3-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer .     _. 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions.  

East  South  Central: 

2-axle,  4-tire 

2-axle,  6-tire 

3-axle. .  . 

Average,  single-unit  trucks... 

Tractor-  truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions      ..     

West  North  Central: 

2-axle,  4-tire. ... 

2  axle,  6  tire ._ 

3-axle 

Average,  single-unit  trucks. 

Tractor-truck  and  semitrailer.. 
Truck  and  trailer 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions      .  ... 

West  South  Central: 

2-axle,  4-tire.. 

2-axle,  6-tire 

3-axle 

Average,  single-unit  trucks. . .     . 
Tractor-truck  and  semitrailer.  . 
Truck  and  trailer 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions       ...... 

Mountain: 

2-axle,  4-tire 

2-axle,  6-tire 

3-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer.. . 
Truck  and  trailer 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions  

Pacific: 

2-axle,  4-tire 

2-axle,  6-tire 

3-axle.  _.     ... 

Average,  single-unit  trucks . 

Tractor-truck  and  semitrailer 

Truck  and  trailer.. ...     .  . 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
tions      .     

United  States  average: 

2-axle,  4-tire 

2-axle,  6-tire 

3-axle . 

Average,  single-unit  trucks _ 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations 

Average,  all  trucks  and  combina- 
nations ...  ... 

Region  and  type  of  vehicle  (pane! 
and  pick-up  trucks  excluded)  , 


New  England: 

2-axle,  4  tire 

2 -axle,  6-tire 

3-axle 

Average,  single-unit  trucks. . . 
Tractor-truck  and  semitrailer... 

Truck  and  trailer 

Average,  truck  combinations. . 
Average,  all  trucks  and  combina- 
tions   

Middle  Atlantic: 

2-axle,  4-tire 

2-axle,  6-tire 

3-axle 

Average,  single-unit  trucks. . . 
Tractor-truck  and  semitrailer... 
Truck  and  trailer. __ 

Average,  truck  combinations.. 
Average,  all  trucks  and  combina- 
tions  __ 

South  Allan  lie: 

2-axle,  4-tire  

2-axle,  6-tire 

3-axle 

Average,  single-unit  trucks. . . 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations... 
Average,  all  trucks  and  combina- 
tions  

East  North  Central: 

2-axle ,  4-tire 

2-axle,  6-tire 

3-axle. 

Average,  single-unit  trucks. . . 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  (ruck  combinations... 
Average,  all  trucks  and  combina- 
tions  __ 

East  South  Central: 

2-axle,  4-tire .. 

2-axle,  6-tire 

3-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer... 

Truck  and  trailer 

Average,  truck  combinations... 
Average,  all  trucks  and  combina- 
tions  

West  North  Central: 

2-axle,  4-tire 

2-axle,  6-tire.. 

3-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations.. 
Average,  all  trucks  and  combina- 
tions   

West  South  Central: 

2-axle,  4-tire 

2-axle,  6-tire 

3-axle 

Average,  single-unit  trucks. . . 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations... 
Average,  all  trucks  and  combina- 
tions  

Moimtain: 

2-axle,  4-tire 

2-axle,  6-tire __ 

3-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer... 

Truck  and  trailer . 

Average,  truck  combinations... 
Average,  all  trucks  and  combina- 
tions  

Pacific: 

2-axle,  4-tire 

2-axle,  6-tire 

3-axle 

Average,  single-unit  trucks... 

Tractor -truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations.-. 
Average,  all  trucks  and  combina- 
tions  

United  States  average: 

2-axle,  4-tire 

2-axle,  6-tire 

3-axle 

Average,  single-unit  trucks 

Tractor-truck  and  semitrailer 

Truck  and  trailer 

Average,  truck  combinations... 
Average,  all  trucks  and  combina- 
tions  


Number 
per  1,000 
over- 
loaded 


Number  per  1,000  overloaded 
more  than  — 


45 

99 

25 

285 

285 

80 

78 
169 

53 

433 

431 

140 

"]2 
108 

8 
245 

244 

71 


111 

30 

7 

196 

821 

220 


23 
40 
13 

172 

172 

44 

1 
5 
15 
3 
209 

202 

47 

II 

8 

13 

4 

149 

49 

147 

41 


23 

15 

10 

163 

232 

174 


11 

19 

7 

181 

320 

225 


1 
22 
63 
13 

.'■-''1 
336 
233 


5  per- 

10 per- 

cent 

cent 

"39 

"30 

77 

59 

21 

17 

240 

196 

240 

196 

68 

55 

"67 

"58 

159 

139 

46 

4(1 

404 

362 

402 

360 

134 

119 

20  per 
cent 


184 


13 

4 

149 

739 

171 

67 


15 

40 


131 
131 


:;:: 


2 

15 

1 

140 

l"35 


6 
13 

3 

115 
49 

114 

32 


129 
157 
134 


7 

5 

4 

126 

182 

144 


1 

17 

51 

10 

178 

228 

181 

56 


58 

5 

128 

128 

38 


4 
13 

3 
100 
637 
120 


10 
4 
4 

94 
110 

97 


3 

5 
2 

78 


30 

1 
14 
41 
8 
131 
149 
132 

42 


16 

17 

8 

109 

109 

30 

"38 

59 

25 

256 

255 

82 


1 

44 

400 

57 

22 


3 

17 

2 

46 

46 

11 

(0 
(0 

27 
"26 


5 

4 

2 

42 

48 

43 


CO 

29 
11 
23 


17 
5 
70 
64 
69 


30  per- 
cent 


3 

4 
56 

"56 

15 

"26 
47 
17 

138 

137 

47 


3  1 

27  11 

2  1 

59  25 


25 

7 

<>> 

CO 

17 

209 

24 


CO 
CO 

20 

"20 

4 

(0 

CO" 

10 

"16 

2 


CO 
16 

39 
16 


1 

18 
25 
19 


CO 

(0 

11 

2 
8 


5 
11 

3 
33 

31 
32 


50 
per- 
cent 


1  Less  than  5  per  10,000. 


1  Less  than  5  per  10,000. 
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Trends  in  Motor-Vehicle  Travel,  1948 


BY  THE  FINANCIAL  AND  ADMINISTRATIVE  RESEARCH  BRANCH 
BUREA  U  OF  PUBLIC  ROADS 


Reported  by  G.  P.  St.  CLAIR,  Chief  of  Branch 


THIS  article  is  the  fourth  of  an  annual  series 
in  Public  Roads  l  giving  classified  esti- 
mates of  motor-vehicle  travel  in  the  United 
States.  The  procedures  used  in  making  these 
estimates  were  the  same  as  those  described 
in  the  previous  reports,  the  principal  factors 
controlling  the  calculations  being  (1)  the 
annual  estimates  of  rural-road  traffic  described 
in  another  article  in  this  issue  of  Public 
Roads;  (2)  the  annual  reports  of  highway  use 
of  motor  fuel;  and  (3)  reported  mot  or- vehicle 
registrations.  As  in  the  previous  calculations, 
tin'  1948  estimates  were  based  on  indicated 
changes  from  a  previous  year,  the  year  1917 
being  used  as  the  base  year  in  this  instance. 

Table  1  reports,  for  the  various  classes  of 
motor  vehicles,  the  estimates  for  1948  of 
rural,  urban,  and  total  vehicle-miles  traveled, 
average  miles  traveled  per  vehicle,  motor-fuel 
consumption,  in  total  and  per  vehicle,  and 
average  travel  per  gallon  of  motor  fuel  con- 
sumed. The  numbers  of  registered  motor 
vehicles,  as  modified  for  the  purpose  of  these 
estimates,  are  also  given. 

The  total  travel  of  motor  vehicles  in  1948 
is  estimated  as  397,589  million  vehicle-miles, 
of  which  198,507  million  were  traveled  on 
rural  highways,  and  199,082  million  on  urban 
highways  and  streets.  The  total  travel  of 
passenger   cars   was   319,459   million   vehicle- 


Total  motor -vehicle  travel  in  1948  is  estimated  as  more  than  397  billion  vehicle- 
miles,  about  evenly  divided  between  rural  highways  and  urban  roads  and  streets. 
Passetmer  <-ars  accounted  for  319  billion  vehicle-miles  of  the  total,  busses  4 
billion,  and  trucks  and  combinations  74  billion.  Except  for  urban  travel  of 
busses,  estimated  travel  in  1948  was  greater  than  in  1947  for  every  category, 
although  in  all  cases  the  increases  ivere  smaller  than  those  from  1946  to  1947. 
As  in  the  previous  year,  truck  travel  in  1948  increased  at  about  tivice  the  rate  of 
passenger -vehicle  travel. 

The  average  vehicle  in  1948  traveled  9,707  miles,  using  741  gallons  of  motor  fuel 
at  a  rate  of  13  miles  per  gallon.  Annual  average  passenger-car  travel  continued 
to  decrease  from  the  1946  peak,  while  average  truck-mileage,  though  maintain- 
ing a  steady  rise,  was  still  below  the  1941  maximum. 

Total  travel  has  been  very  nearly  equally  divided  between  rural  highways  and 
urban  roads  and  streets  since  the  end  of  the  war.  As  indicated  in  this  article, 
the  ratios  of  rural  lo  urban  travel  for  the  past  3  years  vary  in  a  range  of  less  than 
2  percent. 


>  Trends  in  motor-vehicle  travel.  1936  lo  1945.  Public  Roads, 
vol.  24.  No.  10,  Oct.-Nov.-Dec.  1946;  Trends  in  motor-vehicle 
travel.  1946,  Public  Roads,  vol.  25,  No.  3,  March  1948;  Trends 
in  motor-vehicle  travel,  1947,  Public  Roads,  vol.  25,  No.  7, 
March  1949. 


miles,  of  which  the  travel  on  rural  roads  was 
151,275  million  and  the  urban  travel  168,184 
million.  The  estimated  travel  of  trucks  and 
combinations,  73,847  million  vehicle-miles, 
included  45,096  million  traveled  on  rural 
roads,  and  28,751  million  on  urban  roads  and 
streets. 

Percentage  Changes  in  Annual  Travel 

Table  2  gives,  for  the  major  vehicle  types, 
a  comparison  of  the  percentage  changes  in 
1948  travel  over  that  of  1947,  with  the  corre- 
sponding changes  in  1947  travel  over  that  of 
1946.  Estimated  travel  in  1948  was  greater 
than  in  1947  in  all  categories  except  the  urban 
travel  of  busses,  which  suffered  a  slight  loss. 
The  percentage  increases  over  1947,  however, 
were  somewhat  less  in  most  cases  than  those 
of  1947  over  1946.  The  increase  in  passenger- 
car  travel  was  6.39  percent,  in  contrast  to  a 


1947  increase  of  7.07  percent.  Travel  of 
trucks  and  combinations  increased  by  11.74 
percent,  as  against  an  increase  of  17.71  percent 
in  1947.  The  increase  in  total  travel  was 
reduced  from  8.80  percent  in  1947  to  7.28  in 
1948. 

The  increase  in  the  estimated  travel  of 
trucks  and  combinations,  11.74  percent,  was 
nearly  twice  that  found  in  the  case  of  passenger 
cars.  This  finding,  which  continues  a  trend 
displayed  in  the  1947  estimates,  is  attributable 
in  part  to  the  fact  that  the  numbers  of  truck 
registrations  have  been  increasing  more  rapidly 
than  those  of  passenger  cars.  In  1948  the 
registrations  of  trucks  and  combinations  were 
11  percent  greater  than  in  1947,  whereas 
passenger-car  registrations  increased  only  8 
percent. 

The  estimates  of  urban  travel  of  both  pas- 
senger cars  and  trucks  show  a  greater  increase 


Table   1. — Classified  estimate  of  motor -vehicle  travel  in  the  United  States  in  the  calendar  year  1948 


Vehicle  type 

Motor-vi  hide  u 

Number  of 
registered^ 
vehicles  i 

\  . erage 

travel  per 

vehicle 

Motor-fuel  consumption 

Average 
travel  per 
gallon  of 
fuel  con- 
sumed 

Rural  li  avel 

Urban  travel 

Total  travel 

Total  2 

Average  per 
vehicle 

Passenger  vehicles: 
Passenger  cars  3. 

Million 

veh  icle- 
miles 
151,275 

1,474 
662 

Million 
vehicle- 
in  ilea 
168, 184 

2,074 
73 

Million 
vehicle- 
miles 

319. 459 

:■;.  548 
735 

Thousands 
33,  394 

92 
92 

Miles 
9,566 

38.  500 

inn 

Million 
gallons 
21,369 

709 
71 

Gallons 
640 

7,700 
769 

Miles 
14.95 

5.00 
10.40 

Busses: 

Commercial   . 

School  and  nonrevenue. 

All  busses.. 

2.  131) 
153,411 

45,09i; 
198,  507 

2,147 

.     :i31 

28,  751 

199.  082 

4,  283 

323,  742 

73,  847 

397,  589 

184 

7,  379 
40,  957 

.'..    JOS 

9,642 
10, 008 
9,707 

780 

22, 149 

8,189 

30, 338 

4,  239 
600 

1,110 
741 

5.49 
14.62 

9.02 
13.11 

All  passenger  vehicles. 

Trucks  and  combinations 

All  motor  vehicles 

<  m!?fSi?  r°Klstr;ltl°n  totals  differ  from  those  given  in  Bureau  of  Public  Roads  table  MV-1 
tor  1948  because  ol  the  following  adjustments:  (1)  Approximate  correction  for  defective  classi- 
tates,  as  described  in  footnotes  9,  10,  and  13  of  that  table;  (2)  inclusion  of  pub- 
licly owned  vehicles,  listed  separately  in  table  MV-1;  (3)  reduction  of  private  and  commer- 
cial truck  registrations  by  2.5  percent  to  allow  for  registrations  in  more  than  1  State;  and  (4) 
suDstitution  of  bus  totals  as  estimated  by  the  bus  industry  to  afford  a  complete  segregation 
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of  commercial  busses  from  school  and  nonrevenue  busses  and  to  allow  for  registrations  in 
more  than  1  State. 

2  Total  highway  use  of  motor  fuel  in  1948  is  given  as  30,461  million  gallons  in  Bureau  of  Pub- 
lic Roads  table  G-21.  For  this  analysis  there  was  deducted  from  that  total  123  million  gal- 
lons estimated  use  by  motorcycles  (250  gallons  per  motorcycle). 

3  Including  taxicabs. 

February  1950  •  PUBLIC  ROADS 


TaMe   2, 


-Percentage   changes    in    motor-vehicle    travel,    1948   over   1947,   compared   with         12 
correspondin  g  changes,  1947  over  1946 


Vehicle  type 

Percentage  change  in  travel — 

1948  over  1947 

1947  over  1946 

Rural 

Urban 

Total 

Rural 

Urban 

Total 

5.30 
1.67 

7.38 
-.14 

6  39 

.75 

7.20 
5.10 

6.  95 
4.72 

7.07 
4.91 

5.25 
10.  61 
6.42 

7.28 
13.  56 
8.  15 

6.31 
11.  74 
7.28 

7.  17 
17.86 
9  34 

6.92 

17.  17 
8  26 

7.04 
17.71 
8.80 

over  1947  values  than  do  those  of  travel  on 
rural  roads.  This  finding  is  a  reversal  of  the 
relationships  displayed  by  the  1947  estimates. 
Table  3  gives  values  of  the  estimated  rural, 
urban,  and  total  travel  volumes  in  the  years 
1941  through  1948.  With  respect  to  total 
travel,  there  are  also  given  values  of  the  ratio 
of  the  volume  in  each  year  to  the  1941  volume, 
and  the  ratio  to  the  volume  in  the  preceding 
year.  It  will  be  observed  that,  after  a  re- 
covery in  1946  to  a  value  slightly  above  that 
of  1941,  there  has  been  a  steady  rise  in  the 
volume  of  total  travel  to  a  level  in  1948  that 
was  19  percent  above  that  of  1941.  The  travel 
estimates  of  recent  years  are  indicative  of  a 
firm  upward  trend,  with  some  tendency  for 
the  values  to  round  over  toward  a  position 
of  stability  which  would  appear  to  be  far  in 
the  future. 

Average  Annual  Mileages 

Figure  1  gives  a  comparison  of  trends  in 
the  average  miles  per  vehicle  traveled  by 
passenger  cars  and  by  trucks  and  combina- 
tions in  the  years  1936  to  1948,  inclusive. 
It  will  be  noted  that  the  average  mileage  of 
passenger  cars,  after  recovering  from  the  war- 
time decline  to  a  maximum  of  9,942  miles 
in  1946,  declined  in  1947  to  9,727  miles,  and 
again  in  1948  to  9,566  miles.  The  average 
mileage  of  trucks  and  combinations,  on  the 
other  hand,  has  been  rising  steadily  from  its 
low  value  in  1944,  although  the  1948  value  is 
still  well  below  that  of  1941. 

In  the  discussion  of  the  1947  estimates,1  the 
observed  decrease  in  the  average  annual  mile- 


■  Trends  in  motor-vehicle  (ravel,  191,7,  Public  Roads,  vol.  25, 
No.  7,  March  1949,  p.  157. 


age  of  passenger  cars  was  attributed  to  the 
fact  that  the  acute  postwar  shortage  of  auto- 
mobiles caused  those  in  service  to  be  driven 
greater  annual  mileages  than  would  have  been 
the  case  had  passenger  cars  been  in  full  supply. 
As  production  increased  and  the  demand  for 
new  cars  was  partly  satisfied,  there  was  a 
tendency  for  the  average  mileage  driven  to 
diminish.  It  was  stated  that  "It  is  not  un- 
likely that  the  trend  toward  somewhat  de- 
creased average  annual  mileage  of  passenger 
cars  will  continue  for  a  year  or  two  as  a  result 
of  the  greatly  increased  production  of  these 
vehicles."  The  1948  estimate  of  9,566  miles 
per  passenger  car  tends  to  confirm  this 
prediction. 

The  average  mileages  of  trucks  show  a 
more  normal  trend  than  those  of  passenger 
cars,  probably  because  the  shortage  in  these 
vehicles  was  not  as  acute  in  relation  to  the 
demand  as  in  the  case  of  passenger  cars.  The 
failure  of  the  average  mileages  of  trucks  and 
combinations  to  reach  their  prewar  levels  may 
reasonably  be  attributed  to  the  fact,  previously 
cited,  that  there  has  been  an  enormous  increase 
in  truck  registrations  during  the  postwar  years, 
with  the  result  that  the  large  volume  of  in- 
creased trucking  business  can  be  carried  at 
an  average  mileage  per  vehicle  lower  than 
that  of  the  prewar  years.  Truck  registrations 
in  1948  were  more  than  44  percent  above 
those  of  1941.  Passenger-car  registrations,  on 
the  other  hand,  were  only  about  12^  percent 
above  their  1941  level. 

As  would  be  expected  from  the  showing  of 
passenger  cars  and  trucks,  the  average  annual 
mileages  for  all  motor  vehicles  combined  show 
a  moderate  decline,  the  successive  values  being 
9,958  in  1946,  9,831  in  1947,  and  9,707  in  1948. 


Table    3. — Comparison    of  estimates   of  rural,    urban,   and   total 
travel   in   the  years   1941—48 


Year 

Rural 
travel 

Urban 
travel 

Ra'in 
of  rural 
to  urbat 

travel 

Total  travel 

Amount 

Ratio  to 
1941 
total 

Ratio  to 

total  in 

preceding 

year 

1941 

1942 
1943 
1944 
1945 
1946 
1947 
1948 

Million 
vehicle- 
miles 
169, 805 
128,  861 
97,  757 
100,  830 
119,183 
170,  606 
186,  534 
198,  507 

Million 
vehicle- 
miles 
163,591 
138,  235 
108,  990 
110,  750 
129,  743 
170,049 
184,  088 
199, 082 

1.0380 
.  9322 
.8969 
.9104 
.9186 
1.0033 
1.0133 
.9971 

Million 
vehicle- 
miles 
333,  396 
267. 096 
206,  747 
211,580 
248,  926 
340,  655 
370,  622 
397,  589 

1.0000 
.8011 
.  6201 
.6346 
.7466 
1.0218 
1.1117 
1.1925 

1 1.1034 
.8011 
.7741 
1.0234 
1. 1765 
1.36S.i 
1    (I.SXII 
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1  The  estimated  total  travel  in  1940  was  302,143  million  vehicle-miles. 
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Figure  1. — Comparison  of  trends  in  the 
annual  average  miles  per  vehicle  traveled 
by  passenger  cars  and  by  trucks  and  com- 
binations. 

Relative  Changes  in  Rural  and  Urban 
Travel 

The  fourth  column  of  table  3  gives,  for  each 
year  beginning  with  1941,  the  ratio  of  total 
rural  travel  to  total  urban  travel.  In  1941, 
the  volume  of  rural  travel  exceeded  that  of 
urban  travel  by  3.8  percent.  The  heavy 
restrictions  on  the  use  of  vehicles  and  gas- 
oline during  the  war  period  caused  this  ratio 
to  decline  to  a  value  slightly  under  0.9  in 
1943.  In  1946,  the  ratio  of  rural  to  urban 
travel  crossed  the  line  again  at  the  value  1.0033. 
The  1947  value  of  1.0133  seemed  to  indicate 
that  the  trend  would  be  toward  recovery  of 
the  prewar  position,  where  the  volume  of  rural 
travel  was  definitely  greater  than  that  of  urban 
travel,  although  by  only  a  small  percentage. 
The  1948  estimates  have  resulted  in  a  reduc- 
tion of  the  ratio  to  the  value  0.9971.  In  com- 
paring these  ratios,  it  will  be  noted  that  the 
1946,  1947,  and  1948  values  vary  within  a 
range  of  less  than  2  percent. 

Pertinent  factors 

In  table  4  there  are  given  values  for  the  years 
1947  and  1948  of  various  pertinent  factors 
which  go  far  to  explain  why  the  vehicle-mile 
estimates  caused  the  estimated  urban  travel  to 
be  slightly  greater  than  that  of  rural  travel  in 
1948.  In  the  first  two  lines  of  the  table,  it  is 
shown  that,  whereas  the  estimated  travel  on 
rural  roads  in  1948  was  only  6.42  percent  above 
the  1947  value,  the  highway  use  of  motor  fuel, 
as  given  by  Public  Roads  table  G-21,  1948, 
exceeded  the  1947  value  by  7.96  percent.  In 
other  words,  motor-fuel  use  increased  more 
rapidly  in  1948  than  did  rural-road  traffic.  It 
is  natural  to  conclude,  therefore,  that,  unless 
there  was  some  drastic  change  in  miles-per- 
gallon  relationships,  urban  travel  must  have 
increased  in  greater  proportion  than  rural 
travel  in  order  to  absorb  the  increased  use  of 
gasoline. 

It  should  be  noted  that  the  various  factors 
listed  in  table  4  are  independent  of  the  pro- 
cedures used  in  making  the  estimates  of  total 
travel  and  urban  travel.  They  are  derived 
from  the  rural  traffic  estimates,  which  are 
accepted    unchanged,    and    from    the    annual 
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Table  4.— Comparison,  for  the  years  1947  and  1948,  of  various  factors  relating  to  travel  on 
rural  roads,  motor-fuel  consumption,  and  motor-vehicle  registrations 


For  all  vehicles: 

Highway  use  of  motor  fuel  - thousand  gallons.. 

Rural-road  travel   .  million  vehicle-miles.. 

Motor-vehicle  registrations  ' - 

Rural -road  travel  per  registered  vehicle miles.. 

Motor-fuel  consumption  per  registered  vehicle gallons.. 

For  passenger  vehicles: 

Rural-road  travel. ..     . million  vehicle-miles.. 

:  vehicle  registrations  3 

Rural-road  travel  per  vehicle 

For  trucks  and  combinations: 

Rural-road  travel...   million  vehicle-miles.. 

Truck  and  tractor-truck  registrations  3 

Rural-road  travel  per  vehicle 


28,215,705 

!  86,  534 

37,841,498 

4,929 
745.  6 


145,  7(13 

31,032,807 

4,  697 


40,  771 
6,808,691 

5,988 


1948 


ISO,  460,  641 

1 '.is,  507 

41,151,326 

1,824 

740.2 


153,411 
33,595,996 

4,566 


45, 096 

7,  555,  330 

5.969 


Percent- 
age, 1948 
of  1947 


107.96 
106.  42 
108.  75 
97.  87 
99.  28 


105.  25 

ins, 20 
97.21 


110.61 
110.97 
99.  68 


i  None  of  the  values  given  in  this  table  are  dependent  on  approximations  used  in  making  the  vehicle-mile  estimates. 
They  are  derived  from  the  rural-road  travel  estimates  (based  largely  on  automatic  recorder  data),  and  from  the  annual  sta- 
tistical tables  published  by  the  Bureau  of  Public  Roads. 

J  From  Bureau  of  Public  Roads  table  G-21.  3  From  Bureau  of  Public  Roads  tables  MV-1  and  MV-7. 


motor-vehicle   registration   and   gasoline-con- 
Slimpl  ion  tables. 

Table  4  also  gives  the  numbers  of  motor- 
vehicle  registrations  in  1947  and  1948,  and  by 
the  use  of  these  figures  indicates  the  amount  of 
rural-road  traffic  in  miles  per  registered  motor 
vehicle,  and  the  motor-fuel  consumption  in 
gallons  per  registered  vehicle.  Similar  calcu- 
lations are  carried  out  for  the  rural -road  traffic 
of  passenger  vehicles  and  of  trucks  and  com- 
binations.    Although   not  all  motor   vehicles 


appear  on  rural  roads,  the  use  of  the  total 
registration  figures  give  highly  indicative 
averages.  It  will  be  observed  that  the  rural- 
road  travel  per  registered  motor  vehicle  was 
less  in  1948  than  in  1947,  the  1948  value  being 
97.87  percent  of  the  1947  value.  Motor-fuel 
consumption  per  registered  vehicle  was  very 
slightly  less  in  1948  than  in  1947,  the  percent- 
age being  99.28.  These  figures  tend  to  con- 
firm the  estimate  of  a  decreased  annual  mileage 
of  motor  vehicles  in  1948,  but  they  also  show 


why  the  estimates  of  urban  travel  had  to 
indicate  a  relatively  greater  increase  in  1948 
than  the  estimates  of  rural  travel.  It  was,  in 
effect,  a  question  of  absorbing  gasoline  con- 
sumption not  accounted  for  by  rural  travel. 

Similar  indications  are  given  by  the  calcula- 
tions with  respect  to  passenger  vehicles  and 
trucks  and  combinations  in  the  lower  portion  of 
table  4.  The  rural-road  travel  of  passenger 
vehicles  in  terms  of  miles  per  vehicle  was  in 
1948  only  97.21  percent  of  its  1947  value.  In 
the  case  of  trucks  and  combinations  the  1947 
and  1948  values  are  much  closer,  the  percent- 
age being  99.68.  Comparison  of  the  passen- 
ger-car and  truck  figures  tends  to  confirm  the 
finding  that  the  travel  of  trucks  and  combina- 
tions is  increasing  at  a  more  rapid  rate  than 
the  travel  of  passenger  cars. 

More  data  needed 

The  data  given  in  table  4  have  been  in- 
cluded to  make  it  plain  that  the  variation  from 
year  to  year  in  the  ratios  of  rural  and  urban 
traffic  volumes  results  from  the  findings  with 
respect  to  rural-road  traffic  volumes,  reported 
motor-fuel  consumption,  and  reported  motor- 
vehicle  registrations.  The  difficulty  exper- 
ienced in  this  connection  is  illustrative  of  the 
fact  that  a  more  comprehensive  accumulation 
of  data  is  needed  in  order  to  increase  the  ac- 
curacy of  annual  estimates  of  motor-vehicle 
t  ravel. 


State  governments  for  adoption.5  This  policy 
recommends  that  no  axle  shall  carry  a  load 
in  excess  of  18,000  pounds  and  no  group  of 
axles  shall  carry  a  load  in  excess  of  amounts 
specified  in  a  table  of  permissible  weights 
based  on  the  distance  between  the  extremes 
of  any  group  of  axles. 

In  table  9  is  shown  the  number  of  axles  per 
1,000  vehicles  of  various  types  that  exceeded 
the  axle-load  limit  of  18,000  pounds  recom- 
mended by  the  A.A.S.H.O.  and  the  number 
exceeding  these  limits  by  various  percentages. 
This  table  emphasizes  again  the  high  frequency 
of  heavy  axle  loads  in  the  Middle  Atlantic 
and  New  England  regions.  The  number  of 
axles,  per  1,000  vehicles,  weighing  more  than 
the  recommended  limits  was  32  in  the  Moun- 
tain, 35  in  the  Pacific,  205  in  the  Middle 
Atlantic,  and  112  in  the  New  England  region. 
For  truck  combinations,  corresponding  figures 
are:  Mountain  131,  Pacific  85,  Middle  Atlantic 
669,  and  New  England  432. 

Eliminating  the  empty  vehicles  (which  are 
included  in  table  9),  there  were  in  the  Middle 
Atlantic  region  almost  six  axle  loads  in  excess 
of  the  recommended  limit  for  each  five  loaded 
I  ruck  combinations,  while  in  the  New  England 
region  the  corresponding  figures  were  about 
three  excessive  axle  loads  for  each  five  truck 
combinations. 

In    considering    the    data    concerning    fre- 

1  Policy    concerning    maximum    dimensions,    weights,    ami 
speeds  of  motor  vehicles  to  be  operated  over  the  highways  of  the 
""•     adopted  April  l,  1946,  by  the  American  Asso- 
"»•""  of  State  Highway  Officials;  published  bv  the  Asso- 
ciation in  1946. 

298 


(Continued  from  page  293) 

fluency  of  axles  carrying  over  18,000  pounds 
in  the  Middle  Atlantic  and  New  England 
regions,  the  fact  should  be  recognized  that 
higher  limits  generally  are  permissible  in  this 
area  and  therefore  the  axles  exceeding  the 
recommended  limits  by  25  percent  may  be 
within  the  legal  limits  of  certain  States  in 
these  two  regions.  Comparison  of  the  fre- 
quency data  given  in  table  9  with  those  in 
table  8  shows  that,  in  these  two  regions,  of 
each  three  vehicles  exceeding  the  recom- 
mended axle  limit,  one  vehicle  actually  ex- 
ceeded a  State  legal  limit. 

For  the  United  States  as  a  whole,  the  fre- 
quency of  18,000-pound  or  heavier  axle  loads 
of  all  trucks  and  truck  combinations  in  1948 
was  almost  29  percent  higher  than  in  1947, 
while  the  frequency  of  those  axle  loads  that 
exceeded  the  recommendation  by  20  "percent 
or  more  was  over  50  percent  higher. 

Table  10  shows  the  number  of  vehicles  per 
1,000  vehicles  of  various  types  with  an  axle- 
group  load  in  excess  of  the  limits  recommended 
by  the  American  Association  of  State  Highway 
Officials,  and  in  excess  of  these  limits  by 
various  percentages.  For  the  country  as  a 
whole,  of  each  1,000  loaded  and  empty  trucks 
and  truck  combinations,  30  had  axle-group 
loads  weighing  in  excess  of  the  recommended 
limits,  7  of  which  exceeded  the  limits  by  more 
than  20  percent.  It  was  the  truck  combina- 
tions which  produced  most  of  the  high  load 
concentrations.  Of  each  1,000  combinations 
weighed  in  the  United  States  as  a  whole,  109 
had  axle-group  loads  weighing  more  than  the 


recommended  limits,  of  which  24  exceeded  the 
limits  by  more  than  20  percent. 

For  the  United  States  as  a  whole,  the  fre- 
quency of  axle-group  loads  of  all  trucks  and 
truck  combinations  in  excess  of  the  recom- 
mendations was  20  percent  higher  in  1948 
than  in  the  previous  year,  while  loads  20  per- 
cent or  more  in  excess  of  the  recommendations 
were  40  percent  higher. 

As  might  be  expected,  many  vehicles  were 
so  loaded  that  they  exceeded  more  than  one 
recommended  weight  limit;  and  some  vehicles 
had  more  than  one  axle  loaded  in  excess  of 
the  recommended  limit.  Counting  each  vehi- 
cle only  once,  regardless  of  the  number  of  ways 
in  which  it  exceeded  any  of  the  recommended 
limits,  table  11  was  derived  showing  the  num- 
ber of  vehicles  per  1,000  (both  loaded  and 
empty  included)  of  each  type  that  exceeded 
the  limits  by  various  percentages.  Those  ve- 
hicles which  exceeded  more  than  one  provision 
of  the  recommended  restrictions  were  tabula- 
ted in  the  column  showing  the  highest  percent- 
age excess  of  any  item. 

In  the  United  States  as  a  whole,  73  vehicles 
out  of  every  1,000  were  overloaded  to  some 
degree,  according  to  American  Association  of 
State  Highway  Officials  standards,  and  23  out 
of  every  1,000  exceeded  some  one  of  the  pro- 
visions by  more  than  20  percent.  The  fre- 
quency of  vehicles  exceeding  the  recommenda- 
tions by  any  amount  in  1948  was  almost  24 
percent  higher  than  in  the  previous  year,  and 
the  frequency  of  those  that  exceeded  the  rec- 
ommendations by  more  than  20  percent  was 
over  53  percent  higher. 
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